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PREFACE 

The  purpose  of  this  handbook  is  to  bring  together  in  concise  form 
the  principles  in  the  art  ami  -.'he  science  of  explosive  train  design. 
There  has  been  ito  primary  source  of  these  data,  as  they  have  been 
scattered  among  a large  numb  r of  sources,  including  letters,  speci- 
fications, and  private  notebooks 

In  the  last  20  yiars  many  individuals  have  concerned  themselves 
with  ordnance  design  During  World  "Vkir  II  certain  scientists,  par- 
ticularly physicists  hud  pbysa  ' :ncn»istr:;  became  interested  in  the 
science  of  the  initial  n of  rxpio.-.  ves  a»v'  •onductcd  valuable  experi- 
ments both  theoretic  a and  speeiasaily  persaining  to  ordnance.  These 
data,  as  well  as  fundamental  facta  which  have  long  been  known,  arc 
presented  in  this  handbook. 

Where  possible,  an  attempt  has  bo  n made  to  establish  a connection 
between  the  art  and  the  science.  :t  will  become  obvious  that  the 
art  has  the-  advantage  of  a great  bt  • A start  over  the  science.  For  in- 
stance. the  properties  and  pre/  irnt'on  of  mercury  fulminate  have 
been  known  since  the  year  1800;  f'c  certain  ordnance  purposes  this 
material  has  not  been  supplanted  dining  the  last  century  and  a half. 

A.  further  purpose  of  this  volume  is  to  uncover  serious  gaps  in  the 
art  as  well  as  the  science  of  explcer  o train  design.  The  gaps  will  be- 
come obvious  in  perusal  of  the  book,  since  it  will  be  noticed  that  the 
material  in  various  spots  will  fall  sVri  of  the  assigned  goal  of  a com- 
plete description  of  design  principles. 

It  is  Imped  that  by  use  of  this  handbook  the  design  work  of  those 
already  acquainted  with  the  field  will  be  facilitated  and  improved  by 
allowing  the  designer  to  review  the  entire  art  in  one  package.  Fur- 
thi..  this  handbook  is  intended  to  help  the  newcomer  to  the  field  to 
accomplish  design  work  with  a minimum  of  false  starts. 

The  contributors  to  this  handbook  r e indebted  to  the  Bureau  of 
Ordnance  for  financial  support.  The  fist  of  acknowledgments  of 
helpful  advice  and  criticism  would  bmlmfa  the  following  names:  S.  TV. 
Booth,  R.  J.  Burke,  A.  H.  Erickson,  R.  L.  Graumann,  A.  Lightbody, 
and  I).  E.  Sanford,  all  of  the  Naval  Ordnance  Laboratory  staff:  and 
X.  A.  MacLeod,  of  Old  and  Barnes,  Inc.,  Pasadena,  Calif, 
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Delay  Type:  Column;  Obturate*!;  With  Bailie.  (Shown  in  Fir- 
mg  Position). 

Time:  0.033  ( ± 0.005)  Second 

I-oading:  0.05  Oram  A-5  Black  Powder.  leaded  5n  Pince  in  Single 
Increment  at  81,0(10  psi, 

Application:  Navy  Baa*.-  Detonating  Fuze  Mk  21  Mori  1 RuOrd 
Drawing  225563.... 

Delay  Type:  Column;  Obturated;  Without  Bum*" 

Time:  0.33  (4-0.05-0.03)  Second. 

Loading:  03K)  Gram  D--55  Black  Powder,  Loaded  in  Place  in 
- Increment*  *t  65.000  psi. 

Application:  Nax^r  Bomb  Fuzes  Mk  XXI  Mod  ? and  Mk  NX  III 
Mod  2.  BuOrd  Drawings  234553  and  234554 

Delay  Type:  Column;  Obturated;  With  BafTle 
Time:  0.010  (+0.002  - 0.0015)  Second. 

Eoachng:  0.025  Gram  Meal  D.  Black  Powder,  I.oafled  in  Place  in 
Single  Increment  at  65,000  psi. 
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Application:  Xavy  Bomb  Fuzes  Mk  221 

f >rawit,*«  2000 1 8 and  2020 ! 0. . 

Delay  Type:  Column;  Obturated;  Without  Baffle. 

Time:  0.010  Second. 

Loading:  0.005  Grern  A-5  Black  Powder,  Loaded  in 
Single  increment,  at  00,000  psi. 

Application:  Army  Base  Detonating  Fuze  M68. 

Army  Ordnance  Drawing  73-2-181  

Dclav  Tvw:  Column ; OhtnrEtcf!;  Without  Baffle. 

Time: 

0.010  Second. 

0.025  Second. 

0.300  Second, 
landing: 

0.005  Gram  A 
.013  Gram  A 
.000  Gram  A -5  Black  Powder. 

Each  l.oaded  in  Place  in  Single  Increment  at  60,000  psi. 
Application:  Army  Bomb  Fuze  AX-M100A2. 

Army  Ordnance  Drawing  73-8-3.. 

Delay  Type:  Column;  Obturated;  With  Baffle, 

Time: 

0.05  Second. 

.15  Second. 

Loading: 

0.033  Gram  A-5  Black  Powder. 

.010  Gram  Black  Powder  (Approx.  80  Percent  Slow  Burning 
Black  Powder  and  20  Percent  Fuze  Powder  Type  I). 

Each  Loaded  in  Place  in  Single  Increment,  at  60,000  psi. 
Application: 

Army  Point  Detonating  Fuze  M48A2. 

Army  Ordnance  Drawing  73-2-145A 

Delay  Typo:  Column;  Obturated;  Without  Bailie. 

Time:  0.04  to  0.06  Second. 

I.oad...g:  0.032  Gram  A-5  Black  Powder,  Loaded  in  Place  in 
Single  Increment  at  125,000  psi. 

Application: 

Army  Base  Detonating  Fuze  M60. 

Army  Ordnance  Drawing  73-2-165 

Delay  Tyi>c:  Column;  Obturated;  With  Baffle. 

Time:  0*010  (+0.003  -0.004)  Second. 

Loading:  0-031  Gram  A-5  Black  Powder,  Loaded  in  Place  in 
Single  Increment  at  73,000  psi. 

Application: 

Navy  Base  Detonating  Fuze  Mk  10. 

BuOrd  Drawing  206213 

Delay  Type:  Column;  Obturated;  Without  Baffle. 

Time:  0.25  Second. 

Loading:  0.1 11  Gram  D-55  Black  Powder,  Loaded  in  Place  in  3 
Equal  Increments  at  65,000  psi. 
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Application:  Experimental  c\F3-Bi  NOE  Sketch  H7639 
.V-il  Delay  Tvpe:  King  or  Train;  Vented;  V,  ithout ■ Baffl*-. 
Time:  Selective;  1 to  21  S»-c,*i,<!<. 
f-oadiri«: 

**  . 1»:t  _ a It-  I’ , - 
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A-7  Black  Powder.  I/'-aded  in  Place  in  Single  Increment  at 
68, (MX)  psi. 

Application:  Army  Artillery  Fur?  PUS  Vintage  Army  Ordnance 

Drawing  73-3-1 1 «.  . . - - 

5~ 1 2 Delay  Type:  Presume;  Vented;  With  Baffle. 

Tittie:  Q.001  to  ^.003  Second. 

Loading:  C.U73  Qimsa  A~5  Black  Powder,  Guided  in  Place  in 
.Single  Increment  at  4,000  p*t. 

Application:  British  Point  Detonating  Fu/e,  NO!,  Experimental 

Version  NOI,  Sketch  70t>08. . , . . . 

5-13  Delay  Type:  Preran  re;  Vented;  VVitn  Baffle. 

Time:  0.002  to  0.006  Second. 

leading:  0.C73  Gram  A -5  Black  Powder,  Goaded  in  Place  in 
Single  Increment  at  5.000  psi. 

Application:  Navy  Experimental  Rocket  Fuze.  NOI,  Sketch 

154417 .’  

5-14  Some  Pertinent  Design  Features  oil  Column  Type  Demy  Body. 

5-15  Typical  Loading  Tool , 

5-16  Position  of  AcccG-ating  Cav  ity  in  Column  Type  Obturated  Delay  5 2! 
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7.7  Seconds  Delay , 5-24 
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5-22  Pellet  Supports . ...  . , 6 26 
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5-24  Two  Types  of  Primers ...... 5 2K 
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Element... _ „ ..... 5 36 

5-30  Burning  Time  vs.  Moisture  with  and  Without  Desiccation,  0.033 

Second  Obturated  Bitvk  Powder  Delay  Element . 

■6-31  Burning  Time  vh.  Volume  of  Expansion  Chandler,  0.25  ±0.025 

Second  Obturated  Delay  Element.  

5-32  Burning  Time  vs.  Temperature;  0.001  Second  Delay  KUm-  >'«< 

Pressure  Type 

5-38  Burning  Time  vh.  Temperature;  0.010  Second  Delay  Element, 

Obturated _ 

5 34  Burning  Time  vh.  Temperature;  0.25  Second  Doin'-  Element, 
Obturated _ 
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Web  of  0.010  Second  Delay  Pellet 

Loading  Pressure-  vs.  Burning  Time,  0.010  f-0.003— 0.004  Second 
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Second  Obturated  Delay  Element _ 

Electric  Delay  Fuze  Primer  Mk  115.  General  Arrangement 

Electric  Delay  Detonator  Mk  35  Mod  1.  General  Arrangement.. 
Four  to  Six  Second  Experimental  Obtur  .1  Percussion  Delay 

Detonator 

Typical  4-5  Seconfi  Nenobturated  Delay. 

Experimental  Electric  Delay  Primer.  General  Arrangement ._ 

Flame  Initiated  0.10  Second  Flash  Delay  Detonator.  General 

Arrangement  . 

Stab  Initiated  0.02  Second  Delay  Detonator.  General  Arrange- 
ment  

I-ocaiion  of  Leafi-out  and  Lead-in  in  the  Firing  Train.  Armed 

Position  ..  ...  

Location  of  a Load  in  the  Firing  Train 

A Preflanged  load  Cup  Used  by  the  Army 

Army  load  Cup  Inserted  in  Fuze  Bulkhead... 

Lead  Cup  Placed  in  Fuze  Bulkhead,  Then  Flanged 

Noncup  Type  Ioafi 

Scoring  of  the  Wall  of  the  Lead  Hole 

An  Actunl  Design  of  a Firing  Train  of  a Fuze  Drawn  to  8cale 

Dimensions  and  Tolerances  of  the  Lead  Holes,  Lead  Cup,  and  Re- 
lated Parts  of  the  Firing  Train  of  the  Fuze  Shown  in  Figure  6-8.. 

Booster  Pellet,  TetrvI , 

Booster  Assembly  for  Base  Detonating  Fuze  Mk  21  Type 

Bm»o  Detonating  Fuze  Mk  28  Type,  Assembled  to  5 Inch  A.  A.  C. 

Projectile... 

Booster  Assembly  for  Base  Detonating  Fuze  M60  Type 1 

Booster  Assembly  for  Auxiliary  Detonating  Fuze  Mk  44 

Booster  Assembly  for  Bomb  Fuze  AN-M103A1.. 

Gap  Test  Arrangement- - — 

Critical  Gap  I-engths  (Inches)  for  Several  Explosives  as  a Function 

of  Percent  Voids... 

Pressure  Profile  of  a Detonation  *Vavc  Occurring  in  a Charge  of 

Finite  Extent . . ...... 

Profile  of  the  Detonation  Wave  of  a Cylindrical  Booster  of  Very 
Large  Diameter  Crossing  the  Boundary  of  a Cylindrical  Main 

Charge  of  Equal  Diameter. 

Detonation  W*vo  Obtained  When  a Charge  is  Initiated  at  a Point 

on  its  Surface... 

Detonation  Wave  in  a Booster  Initiating  a Much  Larger  Main 

Charge..  - — 

Detonation  Wave  in  a TNT  Charge  Cast  in  the  Form  of  a Block  L 

and  Initiated  Along  One  Leg 

Detonation  Wave  in  a Booster  Whose  Diameter  is  Large  Com- 
pared to  the  Reaction  Zone  Length  of  the  Main  Charge 
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Completely  External  Booster t 

Variation  of  Plate  Dent  with  Pellet  Dimensions 
Flash  Detonator  Initiation  in  Base  i«*tonnting  Fuze  Mk  28. 
Delay-Detonator  Arrangement  i kcii  in  lias*'  Detonating  F«t/e  MftSA! 
Initiation  of  a Detonator  Over  a Ding  Cap  n*  I ' se«  I in  Point 
Detonating  Fuze  M51A5 
Experimental  Modifications  of  Detonator  Mk  h 
Test  Fixture  Assembly  for  Determining  Optimum  Firing  Channel 
Diameter  for  Primer  Mk  113 
Optimum  Firing  f'hannet  Diameter  fur  primer  M*'  tt:i 
Donor  and  Acceptor  Charge'.  Highly  Confined  in  Metal  Bodies 
C'ritical  flap  as  a Function  of  f'olumn  Diameter 
Critical  Axial  Air  Gaps  Arixws  Which  Detonation  is  Transmitted 
Between  Is-ad  Azide  and  Tetrvl 

Minimum  Priming  Charge  and  Cap  for  Critical  i*>  ipagati"ti  v«. 
Impact  Sensitivity 

Part  A.  Critical  Cap  as  a Function  of  Density:  0.200  Inch 

Diameter  1-ear!  Azide  Donors.  0.100  Inch  and  0 200  fneh 
Diiti.-teiet  Tetryi  Acceptors.  See  Part  Si 
Part  B.  Critical  Cap  ns  a Function  of  Density.  See  Part  A 
Fatl  A.  Critical  Cap  as  a Function  of  Density:  0.100  Diameter 
Lead  Azide  Donors,  0. 100  Inch  and  0.200  Inch  Diameter  Tetryi 
Acceptors.  See  Part  B . 

Part  B.  Critical  Gap  as  a Function  of  Detvdtv.  See  Part  A 
Arrangement  Csed  in  I-end  to  Booster  Exjieriment* 

Arrangement  of  Donor  am!  Acceptor  in  the  Transverse  Displace- 
ment Tests. , . 

Initiation  Properties  of  the  Explosive  Across  Tmnsvms*  Dis- 
placement and  Axial  Air  Claps 

Acceptor  Initiated  by  Metal-Borne  Shock  from  Out-of-l.inc  Donor. 
Diagram  of  Experiments  on  thr*  Propagation  of  Detonation  from 
Shaped  Charge  Initiators..  . . .. 

Test  Set  Mk  136  Mod  0 for  Stab  Primers  and  Stall  Detonators. . 
Firing  Time  vs.  Drop  Height  for  Stab  Detonators 

Electric  Primer  and  Detonator  Test  Equipment 

Safety  f irmg  Chamber  for  Electric  IV 

Detail  of  Interlock  Switch  for  Safety  F iring  Chsmlier. 

Initiation  of  Flash  Sensitive  Charges  by  Varying  Primer  Loads 
Flash  Detonator  Tester.  Front  View  Test  Set  Mk  174  Mod  0 

Oxy-Hydrogen  Flash  Detonator  Tester  Mk  17  5 .Mod  0 
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Chapter  1 

INTRODUCTION 

Problems  of  Explosive-loaded  Ordnance 

Oil  April  24,  1802,  Gen.  1).  II.  Ilili  of  the  Confederate  Army  wrote 
the  following  Mont  note  to  his  Secretary  of  War  concerning  certain 
problems  he  was  having  with  the  explosive  trains  of  his  day.  "There 
must  be  something  very  rotten  in  the  Ordnance  Department.  It  is  a 
Yankee  coneern  throughout  and  I have  long  been  afraid  that  there  was 
foul  play  there.  Our  shells  burst  at  the  mouth  of  the  gun  or  do  not 
burst  at  all.” 

One  year  later  at  the  Battle  of  OhaneeUorsville,  an  artillery  chief 
reported  that  on  the  basis  of  careful  observation  only  one  out  of  every 
fifteen  of  the  shells  that  were  fired  exnloded  at  all.  "I  was  compelled 
to  watch  closely  the  effect  of  all  of  the  projectiles,”  he  said,  "as  if  we 
were  using  entirely  solid  shot.” 

By  1905,  performance  of  ammunition  had  been  somewhat  improved; 
however,  in  the  most  significant  naval  engagement  of  the  Russo- 
Japanese  war  in  that  year,  namely  the  Battle  of  Tsushima,  it  is  re- 
ported that  one  of  the  most  important  factors  leading  to  the  utter 
defeat  of  the  Russian  Fleet  at  the  hands  of  the  Japanese  was  the  failure 
of  the  Russian  fuzes  to  explode  the  projectiles. 

To  bring  the  story  up  to  the  present,  it  can  be  stated  that  the 
functioning  of  explosive  loaded  ordnance  is  in  general  quite  satis- 
factory. Taking,  for  example,  antiaircraft  ammunition.  Admiral 
Hussey,  in  forwarding  to  the  Undersecretary  of  the  Navy  in  1945  a 
recommendation  that  a Navy  fuze  designer  be  given  a special  com- 
mendation. stated  "40nun  ammunition  which  was  produced  to  the 
extent  of  250  million  rounds  during  World  War  IT,  functioned  better 
than  99  percent  in  ballistic  tests.” 

Rounds  of  ammunition  of  all  categories,  perfect  in  all  respects,  were, 
however,  still  unavailable  in  World  War  II.  Much  in  particular 
remains  to  he  accomplished  in  developing  explosivif  trains  capable  of 
withstanding  severe  surveillance  conditions.  Following  the  bom- 
bardments of  certain  atolls  in  the  Pacific  hv  U.  S.  Naval  Units,  it  was 
in  some  instances  disconcerting  to  note  that  not  all  of  the  ammunition 
was  used  to  maximum  effectiveness.  In  "Comments  on  Amphibious 
Operations”  dated  1 March  1 5144,  the  following  statement  appears: 
“The  next  disturbing  type  of  malfunction  was  the  duds  and  low  order 
detonations  noted  on  all  the  islands.  While  the  number  of  duds  found 
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From  the  examples  cited,  it  is  evident  that  the  problems  of  explosive 
loaded  ordnance  are  of  long  standing.  The  solutions  to  such  of  those 
problems  as  involve  the  explosive  irain  are  the  provinee  of  this  book. 
Actually  the  art  (and  the  term  is  used  advisedly)  of  explosive  train 
design  is  in  & well-advanced  singe  at-  the  present  time.  Not  only  have 
the  on-target  performance  records  been  raised  in  most  eases  to  figures 
above  90  percent,  but  in  addition  the  safety  records  of  ordnance  have 
been  greatly  improved.  For  instance,  during  World  War  I,  ammuni- 
tion that  gave  no  more  than  one  bore  premature  in  twenty  thousand 
rounds  of  firing  was  corned  >•<!  *o  be  about  ns  good  as  could  he  expected. 
In  World  War  TI  with,  for  example.  5"/3S  base-fuzed  ammunition, 
bore  prematures  occurred  at  the  rate  of  less  than  one  in  one  million 
rounds. 

Scope  of  This  Handbook 

Ordnance  design  is  a field  of  broad  extent,  and  in  it  the  unwary 
author  is  likely  to  wander  far  afield  unless  he  marks  put  for  himself  a 
sharply  defined  domain.  This  handbook  rovers  explosive  trains  as 
applied  to  the  entire  field  of  explosive  loaded  ordnance.  In  every  ease, 
the  discussion  is  limited  to  LiO  explosive  trains.  For  instance,  there 
is  no  discussion  of  the  sources  of  energy,  either  electrical  or  mechanical, 
which  serve  to  trigger  the  fnxc  of  an  explosive  loaded  round.  There 
is  a detailed  discussion  of  the  manner  in  which  the  sensitivity  of  a 
stab  primer  is  affected  by  the  weight  and  velocity  of  the  firing  pin. 
There  is  no  discussion  of  the  details  of  the  mechanism  which,  moves  a 
shutter  containing  a detonator  to  arm  or  disarm  a round;  but  there  is  a 
detailed  discussion  of  the  way  in  which  the  probability  of  firing  the 
subsequent  clement  in  the  train  is  modified  as  a function  of  the  amount 
of  dislocation  of  the  detonator  or  of  interposition  of  air  gaps. 

The  explosive  train  designs  treated  in  this  book  are  applicable 
primarily  to  bomb  and  projectile  fuzes.  However,  the  same  basic 
principles  may  be  applied  to  a wide  range  of  explosive  londed  ordnance 
items.  The  following  list  of  such  items  is  not  necessarily  complete. 

Gun  launched  projectiles  of  all  calibers. 

Rocket  projectiles. 

Bombs. 

Underwater  ordnance  such  as  mines,  torpedoes,  and  depth  charges. 

Projectiles  of  advanced  designs,  including  seif-propelled  and 
guided  missiles. 

Description  of  c Complete  Explosive  Train 

A short  over-all  description  of  the  explosive  train  of  Base  Fuze  Mk 
21  for  major  caliber  projectiles  is  presented  hern  »n  nrder  to  rive  the 
newcomer  to  thl3  field  a comprehensive  view  which  he  miodii  not 
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otherwise  obtain  by  reading:  the  detailed  discussions  of  the  various 
components  which  appear  later.  The  function  of  this  fuze  is  to  initiate, 
followin';  a delay  of  0.035  second  after  impact  with  steel  armor  plate, 
a high -order  explosion  in  the  filler  of  projectiles  from  6 to  16  inches 
in  diameter.  A cross  section  of  Base  Fuze  Mk  21  is  shown  in  figures 
i-1  and  1-2.  In  this  short  description,  attention  is  centered  on  the 
explosive  train  and  the  mechanical  features  of  the  fuze  functioning 
are  touched  upon  only  lightly,  ' The  central  axial  assembly  of  the 
fuze,  which  is  mounted  on  ball  races,  moves  forward  on  plate  impact 
against  the  anticreep  spring,  causing  the  stab  primer  to  impinge  on 
t he  firing  pin,  (See  figs,  i-1  and  1-2.) 

The  stab  primer,  designed  for  maximum  sensitivity  to  initiation  on 
impact  with  this  type  of  firing  pin,  is  loaded  with  a priming  composition 
consisting  of  a tv.  iture  of  basic  lead  styphnate  (C»H(N02)3(0Pb0H)2), 
antimony  trisullsde  (Sb^S*),  barium  nitrate  (Ba(N03)2),  tetracene 
(CjNjJLO.).  and  lead  azide  (PbN#);  the  explosion  of  this  mixture 
forces  the  delay  element  primer  firing  pin  into  the  delay  element  primer. 

This  primer  is  loaded  with  a priming  mixture  similar  to  that  used 
in  the  stab  primer  except  that  it  Iocs  not  contain  lead  azide.  It 
differs  from  the  stab  primer  in  two  respects;  firstly,  its  housing  is 
stronger  and  is  not  punctured  during  actuation,  a characteristic  which 
makes  possible  maintenance  of  u gas  seal  on  the  next  element,  the 
delay  pellet,  and  secondly,  it  is  inherently  less  sensitive  to  impact 
than  the  stab  primer. 

The  hot  gases  from  the  percussion  primer  permeate  through  the 
baffle  and  initiate  the  black  powder  delay  pellet,  which  bums,  under 
the  reproducible  pressure  conditions  which  obtain  within  the  delay 
housing,  with  a delay  time  of  0.035  second.  When  the  black  powder 
element  has  burned  through,  a spit  of  flame  impinges  on  a lead  azide- 
loaded  detonator;  a true  detonation  develops  and  progresses  succes- 
sively through  tlie  loiryi-loaded  lead  out,  the  t.etryl-loadecl  booster 
lead  in,  the  tetryl-loaded  booster,  and  the  main  charge  of  *he  shell, 
explosive  I)  (ammonium  picrute). 

Certain  general  remarks  may  be  made  concerning  this  explosive 
train,  which  hold  in  general  for  any  train.  As  one  proceeds  down  the 
train,  the  size  of  the  elements  in  general  increases  while  their  sensi- 
tivitv  to  initiation  rWrensos  For  instance,  in  decreasing  order  of 

* -li-  . 

sensitivity  we  have: 

(а)  Priming  mixture. 

(б)  Lead  azide. 

(c)  Tetryl. 

(d)  Explosive  D.  ^ 

As  implied  in  the  word  ••train,”  eacii  clement  has  two  ends  and 
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concomitant  with  this  fact  has  two  characteristics,  an  input  charac- 
teristic and  an  output  characteristic.  We  characterize,  for  instance, 
the  peraijston  primer  with  regard  to  its  input  characteristic  by  its 
drop  weight  sensitivity,  and  with  regard  to  its  output  characteristic 
by  the  number  of  clones  of  heat  which  it  develops  on  deflagration 
and  which  appear  in  ts  output  flame.  The  lead  azide  detonator  is 
characterized  on  its  input  end  by  its  flame  sensitivity  (ns  measured, 
for  instance,  in  the  oxy-hydrogen  bomb  apparatus  described  on  page 
9--!6)  and  on  its  output  end  by  the  peak  pressure  developed  at  its 
detonation  front  where  it  contacts  the  succeeding  element  in  the 
train. 
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Chapter  £ 

CHARACTERISTICS  OF  EXPLOSIVE  TRAIN 

MATERIALS 

Explosive  I rnin  materials  have  the  common  characteristic  of  being 
capable  of  rending,  when  properly  initiated,  with  the  evolution  of 
considerable  energy.  This  reaction  does  not  depend  on  the  avail- 
ability of  an  V outside  niatena?  sueji  fl<s  OYWon  ■ lir-rsee  the  reaction  can 
be  made  to  occur  in  herrocf ically  sealed  components. 

'1  he  materials  used  in  explosive  trains  may,  for  convenience  of  dis- 
cussion, be  divided  into  explosives  and  delay  materials.  Explosives, 
in  general,  react  more  rapidly  than  do  delay  materials;  however,  in 
the  ease  of  short  delays  the  difference  in  reaction  rate  tends  to  dis- 
appear, and  in  some  eases  a single  material  may  be  made  to  serve 
both  purposes. 

From  the  standpoint  of  composition,  explosive  train  materials  con- 
sist of  nil  oxidant  (oxidizing  material)  and  a fuel  (oxidizable  material), 
held  in  intimate  contact  in  n metastable  condition.  Delay  materials 
usually  consist  of  mechanical  mixtures  of  oxidants  and  fuels,  in  the 
form  of  fine  powders.  In  the  case  of  explosives,  the  oxidant  and  fuel 
are  usually  incorporated  into  a single  molecule,  so  that  explosives  are 
normally  homogenous  materials.  There  arc  numerous  exceptions  to 
the  above  generalizations,  since  a pure  explosive  compound  may  be 
used  as  a delay  material,  while  explosives  may  consist  of  mechanical 
mixtures  of  explosive  compounds  and/or  oxidizing  and  reducing  chem- 
icals. Ot  her  materials  may  be  added  to  impart  special  characteristics; 
for  example,  wax  may  be  added  to  a high  explosive  to  decrease  its 
sensitivity. 

Section  i. — Explosives 

An  explosive  may  bo  defined  as  a metastablc  substance  which,  if 
activated  by  an  external  source  of  heat  or  shock,  decomposes  spon- 
taneously to  produce  a large  amount  of  energy.  Results  of  this  de- 
composition are  the  sudden  production  of  a large  volume  of  reaction 
gases  at  high  temperature  and  a sudden  rise  in  pressure  in  the  im- 
mediate vicinity.  This  transformation  normally  takes  place  in  a 
period  of  the  order  of  a few  microseconds. 

An  explosive  may  be  regarded  ns  a material  containing  stored  energy 
and  capable  of  releasing  that  energy  upon  activation.  From  the 
standpoint  of  thermochemistry,  the  energy  released  is  the  difference 
hiU.wccn  the  lient.  of  formation  of  the  original  explosive  and  the  heat 
ot  forma  lion  of  the  products  of  reaction. 
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From  I Ik*  standpoint  of  use  in  explosive  trains,  it  is  convenient  to 
divide  explosives  into  three*  classes;  primary  explosives,  priming  mix- 
tures. and  high  explosives. 

Primary  Explosives 

% 

The  dist inguishing  characteristic  of  primary  explosives  is  their  ex- 
treme sensitivity  to  heat  or  shock.  They  are  the  most  sensitive  of 
the  explosives  and,  either  as  pure  materials  or  as  ingredients  of  prim- 
ing mixtures,  they  occupy  six*  “starting”  position  in  explosive  trains. 

Table  2 1 lists  the  more  eorstnon  primary  explosives  by  their  most 
widely  accepted  names.  Tetraeene  and  nitromannite  are  included  in 
this  group,  although  many  of  their  characteristics  are  similar  to  those 
of  the  high  explosives.  Chemical  and  physical  data  are  included  in 
this  table. 

Oxygen  balance  is  expressed  in  percent  and  represents  the  excess 
or  deficiency  of  oxygen  as  compared  to  that  required  to  convert  the 
eir  boFi  to  carbon  dioxide  and  tin*  hydrogen  to  water.  Mathematically 
it  is  1 no  times  tin*  weight  (grams)  of  excess  or  deficient,  oxygen  per 
gram  mole  of  explosive  divided  by  he  molecular  weight  of  the  com- 
pound. This  is  a measure  of  the  extent  to  which  the  molecule  is 
deficient  or  overly  rich  in  the  amount  of  oxygen  necessary  for  its  com- 
plete decomposition. 

Explosive  characteristics  given  in  Table  2-2  include  the  sensitivity 
and  the  strength,  or  power,  of  the  explosive.  The  sensitivity  to 
impact  refers  to  the  f>0  percent  explosion  height  obtained  on  the  ERL 


ESsSkPhSwsI 


- *\>yrVl  "■  F..«e'. 

liileSSf’ 


^ 


Taiu.v,  2 2.  I'.x plosive  ('hurarhrislics  of  Primary  Explosives 
(Kefereme  number*  nt  lieivls  of  columns  Indicate  sources  of  cintn) 

| (21  j (3>  ! W (3)1 

i Sj | «§» | s^stas&z  »««*•  * 

I impact  friction 


Mrrrury  Kulttt.imfo  ] 

I A jri«|o  ......  j 

Mvjihniitc  (N*»r-  \ 

f f '111 ) ! 

I ‘bi/(Miltiifro5*hi‘nol  j 

TVlrjux‘n<'  ......  . i 

Nltroniarttiifi*  ,..! 


’■  rnninflnni. 


w 

Thermal  properties 
(K  Cal/ Mole,  25°  C) 

■ (3)  on 

Strength,  mnd  test 

1 

1 

t 

Heat  of  ! Heat  of 

Heat  of 

Loadin'  \ 

{ Gms.  sand  finer 
j than  30  mesh 

com-  forma- 

hustion  tion 

l-H,)  (-H») 

{ 

explosion 

(-H.) 

pressure 
Ib/rq. In. 

j C.4  gm. 

charge 

1.0  gm. 

charge 

! - m « 

' 104.  S (301 

3.  400 

17.0 

48.4 

| —ui.d 

69.7(39) 

3,400 

14.2 

3a  o 

' -92.  :i 

j • 

172.  2 

3.  400 
f (U 

36.2 
13.  11 

90.6 

j 

\ 3,000 

2.0/ 

679. 9 j +160.1 

! » 
■ & 

{ -i 

! 0» 

1 

! 

CONFIDENTIAL. 


2-3 


rmmmass 


rxmtsMKMmaiiaMi&Bmse 


mrsv :r 

rrk  : : 


M 

1 V?  ' 

Sgt: . w-t  *f^rfl7ii.-'i 


ORDNANCE  EXPLOSiVE  TRAIN 
DESIGNERS’  HANDBOOK  


CONFIDENT!/  . 

SECURITY  INFORM ATIC  J 


type  3,  Drop-weight-  Impact  Machine,  Tima  type  of  machine,  npi  . 
cable  to  the  more  sensitive  explosives,  is  chscriherl  in  reference  (2 

Friction-sensitivity  values  were  obtained  on  the  Bureau  of  Minor 
Type  B Pendulum  Friction  device  described  in  reference  Ci).  Thy 
represent  the  maximum  weight  (grams)  addc<i  to  the  pendulum  falling 
from  a height  of  50  cm.  for  which  “no  explosions”  were  obtained  in  !0 
successive  trials.  A sample  of  0.02  gram  was  used  for  e««  h test. 

Thermal  properties.  The  values  reported  for  heat  of  formation 
(FL)  and  heat  of  explosion  (HA  were  derived  from  measured  values  of 
the  heat  of  combustion  (Hf)  (ref.  (S)).  The  latter  values  were  as- 
sumed to  have  been  obtained  in  an  oxygen  bomb  with  the  water 
formed  in  the  reaction  being  condensed  Lo  the  liquid  stale.  !n 
calculating  the  heat  of  explosion,  it  was  assumed  that  no  atmospheric 
oxygen  was  available  and  suitable  corrections  were  applied  in  rase  of  a 
deficiency  of  oxygen.  The  heat-of-exploaion  data  were  also  calculated 
on  the  assumption  that  any  water  formed  by  the  reaction  would  lie 
present  in  the  vapor  state.  In  estimating  the  products  formed  by  the 
explosion,  the  following  assumptions  were  made; 

(1)  The  nitrogen  all  appears  as  molecular  N*. 

(2)  The  available  oxygen  is  first  used  to  oxidize  the  rarl>on  to  CO. 

(3)  Any  oxygen  remaining  from  (2)  k used  to  oxidize  the  hydrogen 
to  HjO. 

(4)  Any  oxygen  left  over  from  (3)  is  used  to  oxidize  CO  to  CO:. 

Sand  test.  The  strength  of  the  explosives  ns  determined  by  the 

sand  test  is  expressed  in  grams  of  sand  crushed  finer  than  30  mesh. 
The  reported  values  were  determined  in  the  Bureau  of  Mines  No.  2 
sand-test  bomb  using  a total  of  200  grams  of  sand  of  a standard  grade 
and  quality.  A definite  weight  of  the  explosive  was  pressed  in  a No. 
8 detonator  cup  at  a specified  pressure.  This  procedure  is  described 
in  reference  (6). 

Detonation  velocities  (mcters/second)  of  mercury  fulminate,  lead 
azide,  lead  styphnate,  and  diazodinitropheno!  at  various  loading 
densities  are  reported  graphically  in  figures  2-1,  2 -2,  2-3,  and  2-4, 
respectively.  Naval  Ordnance  Laboratory  data  presented  in  these 
figures  were  obtained  on  a column  of  the  explosive,  0.150  inch  in 
diameter  by  3.0  inches  long,  initiated  with  a lead  azide  charge.  Times 
v-ere  measured  with  a Potter  Electronic  Counter  having  a counting 
rate  of  1 .0  megacycles. 
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Figure  2-3.  Lead  Stypfwaie,  Density  vs.  Detonation  Velocity. 
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Priming  Mixtures 

Pure  primary  explosives  are  not  suitable  for  use  as  initiators  in 
many  applications.  In  order  to  modify  their  characteristics,  various 
materials  are  added  and  thoroughly  mixed  with  primary  explosives 
to  form  priming  mixtures. 

The  following  four  methods  are  commonly  employed  to  impart 
particular  characteristics  to  priming  mixtures. 

Increasing  sensitivity.  Since  most  explosives  have  a low  oxygen 
balance,  the  addition  of  oxidizing  agents  such  as  chlorates  or  nitrates 
will  usually  increase  the  sensitivity.  In  the  rase  of  priming  mixtures 
initiated  by  the  action  of  stab  and  percussion  nn.ng  pins,  an.  abrasive 
such  as  ground  glass  or  ' may  be  added  to  increase  the 

sensitivity.  _ The  addition  of  a small  amount  (">  percent  or  so)  of  a 
sensitive  primary  explosive  such  as  tetracene  wiii  often  increase  the 
sensitivity  of  a priming  mixture. 

Increasing  output.  The  output  of  priming  mixtures  is  usually 
augmented  bv  the  addition  of  fuels  such  as  antimony  trisulfide  and 
lead  sulfoevariate.  The  former  fuel  also  serves  as  an  abrasive.  Since 
most  explosives  have  low  oxygen  balances,  the  addition  of  fuel  to 
priming  mixtures  is  usually  accompanied  by  a suitable  amount  of  an 
oxidizing  agent.  In  some  easeu  the  addition  of  an  oxidizing  agent 
alone-  will  increase  both  sensitivity  and  output.  High  explosives  such 
as  KD.X  and  TXT  are  also  used  to  increase  the  output,  although 
thessc  materials  probably  do  not  detonate  when  used  in  this  way. 

loading  binders.  For  purposes  of  loading  by  the  buttering  process, 
priming  mixtures  may  be  wetted  by  a solution  containing  a binder. 
After  the  solvent  evaporates,  the  mixture  is  held  in  place  by  the 
hinder.  Such  binders  are  often  explosives  such  as  nitrocellulose  or 
nitrostarch,  used  with  suitable  solvents  such  as  butyl  acetate. 

Improving  electrical  conductivity.  It  is  sometimes  desirable  to 
make  priming  mixtures  conductive,  either  for  purposes  of  electrical 
initiation  by  currents  passed  through  the  mixture  or  to  decrease  the 
sensitivity  to  static  electric  discharges.  Powdered  graphite  and 
colloidal  metal  powders  have  been  used  for  this  purpose. 

The  compositions  of  current  U.  S.  Army  and  Navy  priming  mix- 
tures are  presented  in  table  2-3,  together  with  an  indication  of  the 
type  of  device  in  which-  they  are  used.  Comparative  data  on  the 
sensitivity  and  output  characteristics  of  these  mixtures,  when  avail- 
able,- are  presented  in  sections  of  tho  book  dealing  with  the  respective 
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ant  2 me  ics  high  to  a cylinder  of  a particular  explosive  1%  inches  in 
oameter  am  5 inches  long.  The  test  arrangement  is  shown  on  page 

<-10.  lahlo  2-5  gives  the  Foster  sensitivity  of  13  commonly  used 
high  explosives. 

Brisanct.  by  the  plate-denting  tat,  is  expressed  ns  a ratio.  !t  is 
°/  "‘‘f'  depth  of  dent  in  cold-rolled  stool  produced  l»y 

-ie  explosive  at  the  indicated  density  to  the  average  depth  of  dent. 
pro<  ucl(  .jv  east  I N j . at  a density  of  1 .*10.  The  test  sample,  cast  or 
ressex  ..1  <i  c\  inder  1;*  inenes  in  diameter  and  5 inches  long,  uncased. 
„*.;.ret  °>a  focused,  square,  cold-rolled  steel  plate  5 inclies  on  n 

°k-  The  charge  is  initiated  with  a So.  S 
-gram  tctryl  boosters. 
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Detonation  velocities  (meters /second)  are  given  for  each  explosive 
at  the  density  and  form  stated  in  the  table.  All  charges  were  between 
l.o  and  2.0  inches  in  diameter  (the  majority  being  1.6  inches),  and  the 
rates  of  detonation  represent  maximum  velocities  for  the  densities 
given.  The  velocity  is  a direct  function  of  density  and  changes  about 
370  meters/secom!  for  each  change  of  0.10  gram/cc  in  density.  This 
relationship  may  he  used  for  estimating  detonation  velocities  at  other 
densities. 

Power,  as  determined  by  the  Ballistic  Mortar,  is  expressed  in  terms 
of  percent  of  the  value  for  TNT.  This  test  was  designed  to  evaluate 
approximately  the  total  cne.gy  from  the  explosive.  The  use  of  the 
mortar  is  described  in  reference  (12). 

Impact  sensitivity  measured  by  the  ERL  type  12  machine  refers  to 
the  o()  percent  explosion  height  obtained  at  the  Naval  Ordnance 
Laboratory  on  the  Drop- Weight  Impact  Machine,  adjusted  to  give 
PETN  the  index  10  and  TNT  the  index  luo.  This  machine  is  de- 
scribed in  reference  (2). 

Thermal  properties.  The  values  reported  for  heat  of  formation 
(IIf)  and  heat  of  explosion  (Hc)  were  derived  from  the  measured 
values  for  heat  of  combustion  (H,.).  The  methods  used  to  obtain 
these  values  are  the  same  as  those  discussed  on  page  2-4. 
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size.  The  mixture  is  pressed  into  a delay  cavity 
, &#loskib&g  pressures  in  the*  neigid>orhood  of  35,000  psi.  Binders  are 
not  commonly  employed  because  they  tend  to  form  gases  during 
burning.  The  pellet  formed  in  the  delay  cavity  by  the  pressed  powder 
has  sufficient  strength  to  Withstand  ordinary  handling  during  trans- 
portation as  well  as  low  acceleration  forces.  However,  when  the 
magnitude  of  the  acceleration  forces  approaches  those  resulting  from 
setback  in  medium  caliber  project  ties,  t he  pressed  powder  usually 
must  be  supported  mechanically  at  the  ends  of  the  delay  cavit  y. 

Gasless  igniters  are  used  to  transfer  ignition  from  an  initiator  to 
the  delay  mixture  or  from  the  delay  mixture  to  an  explosive  charge. 
The  igniters  are  easily  ignited  and  their  heat  of  combustion  is  usually 
greater  than  350  cal/gm.  (refs.  (43)  and  (44)). 

F33B,  Th  is  is  a red  powder  manufactured  by  the  Catalyst  Re- 
search Corporation.  It  is  composed  of  41  percent  zirconium  (Zr), 
which  serves  as  the  fuel,  49  percent  iron  oxide  (Fe.Oj),  which  serves 
as  the  oxidizing  agent,  and  10  percent  sim  Wloss  (SiOj),  which  is 
an  inert  ingredient  whose  principal  function  appears  to  he  to  decrease 
the  rate  of  burning.  There  are  no  other  known  manufacturing 
specifications.  F33B  has  a drop  weight  sensitivity  comparable  to 
that  of  lead  azide,  and  it  has  been  fired  by  body  static  electricity. 
F33B  can  he  initiated  by  standard  percussion  primers,  as  well  as  by 
black  powder,  and  glows  upon  initiation,  forming  a solid  .-lag. 

Under  some  circumstances  F33B  may  react  explosively  upon  initia- 
tion, andkthis  tendency  appears  to  increase  as  the  quantity  of  F33B 
is  ino  ased.  It  is  usually  advisable  to  restrict  any  possible  move- 
ment of  the.  igniter  after  initiation  to  insure  its  remaining  in  contact 
with  the  delay  or  explosive  charge  which  it  is  intended  to  ignite. 
The  storage  qualities  (44)  in  brass  and  stainless  steel  containers  are 
good,  and  the  heat  developed  upon  combustion  is  in  the  neighbor- 
hood of  500  cal/gm,  (44). 
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Z-3  Igniter.  This  is  a green  powder  composed  of  25  percent 
zirconium  and  75  percent  barium  chromate.  It  is  manufactured  by 
the  Catalyst  Research  Corporation:  there  are  no  known  manufacturing 
specifications.  The  heat  developed  upon  combustion  is  in  the 
neighborhood  of  430  cal/gm.  (ref.  (44)).  Because  of  the  satisfactory 
performance  of  F33B,  the  testing  of  Z-3  Igniter  has  been  restricted. 
However,  its  initiation,  combustion,  and  storage  qualities  appear  to 
be  similar  to  those  of  F.33B. 

6-6-8  Igniter.  This  pyrotechnic  igniter  containing  lead  dioxide, 
cupric  oxide,  and  silicon  in  the  ratio  of  6-0-8  parts  by  weight  has 
boon  used  experimentally  as  a gssless*  delay  igniter.  Tests  indicate 
that  its  impact,  static  sensitivity,  and  storage  qualities  (ref.  (44))  are 
similar  to  those  of  F33B.  Its  heat  output  is  about  400  cal/gm. 
(ref.  (44)).  However,  it  has  been  found  that  this  igniter  is  difficult 
to  ignite  at  low  ambient  temperatures,  and,  therefore,  its  use  is  not 
widespread. 

Silicon-red  lead  igniter.  A silieon-red  lead  mixture  (ref.  (45))  has 
been  used  by  Picnlinny  Arsenal  to  ignb*'  one  of  their  delay  mixtures.. 
Complete  performance  data  on  this  m :ture  are  not  available. 


n»jnyi 


Gasless  delay  mixtures  usually  cannot  be  ignited  directly  from  a 
primer  and  require  a small  quantity  of  igniter  to  aid  in  their  initiation. 
The  mixtures  are  practically  ’ insensitive  to  initiation  by  shock  or 
static  electricity,  and  their  heats  of  combustion  usually  are  less  than 
350  cal/gm. 

Zirconium-nickel  delay  mixtures.  A new  delay  composition  of 
zirconium-nickel  alloy.,  potassium  perchlorate  and  barium  chromate 
has  been  developed  by  Picatinny  Arsenal  (ref.  (37)).  The  surface  of 
the  alloy  is  treated  with  a dichromate  solution  (ref.  (46))  to  prevent 
subsequent  deterioration.  The  storage  qualities  of  this  mixture  ap- 
pear to  be  good,  and  it  appears  to  be  compatible  wdth  F33B  igniter. 
No  other  information  on  its  performance  is  available. 

Manganese-barium  chromate-lead  chromate  mixture.  The  de- 
velopment of  a delay  mixture  composed  of  manganese,  barium  chro- 
mate, and  lend  chromate  is  described  in  references  36,  48,  and  49.  By 
varying  the  proportions  of  the  ingredients,  the  burning  time  may  be 
varied  from  about  3 to  12  seconds  per  inch  of  delay  column.  Tests 
have  shown  that  this  mixturo  will  function  at  —65°  F (ref.  (36)1,  and 
preliminary  data  have  indicated  that  it  may  perform  satisfactorily 
at.  --tOO0  F.  Loading  pressures  in  the  neighborhood  of  30,000  psi 
have  proved  sufficient  to  enable  this  mixture  to  withstand  impacts  as 
heavy  as  those  to  which  an  A.  P.  projectile  is  subjected  on  being  fired 
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^•^aWjUW  \I  ».  I no  xurvotunncn  chnrnrt. 
ippew  to  bo  satisfactory  when  the  mnngnn, 

*v «ls  05iuStio’!  resistance  and  when  the  mixfui  ■ 
No  information  is  available  on  the  storne- 
$|EE!Xi«re  when  loaded  in  other  types  of  delay  bodied 
||i^St«rs.  This  i<  a greenish  powder  developed  and 
s jE|Uatftiyst  Eescnrrh  Corporation.  It  is  comimsed  of 
l^gBttun  perchlorate,  nickel,  nnd  barium  ehronmte  in 
proportions  o/7. 5/17/70. 5.  There  are  no  known 
specifications.  The  surveillnnee  characteristics  of 
, i1  wcre  known  to  he  poor;  this  fart  was  trnewl  to  the 
/used.  The  manufacturer  appears  to  have  overcome 
PtX*efs.  (36)  and  (50))  by  deactivating  the  surface  of  the 
* • - - - ^ksl-  Data  on  low  temperature  performance  are  eon- 
meting  (refs.  (36)  and  (50),).  One  report  indicates  good  performance 
at.  -65°  F..  while  the  other  lists  failures  at  •••33°  F.  Additional  <iniu 
from  current  tests  indicate  that  this  difficulty  may  he  dependent  upon 
the  particular  hatch  of  powder  being  tested, 

Bwium  perndde-selenium  mixta.-.,  A Rnsle*.  delay  furnished  by 
, " Herc,,l„  Powder  Compftny  (ref.  (51))  l.n«  bow,  used  in  olorlrio 
tu/.e  primers  mk  115,  Ivik  116.  nnd  Aik  1 17.  The  mixture  is  composed 
of  approximately  8°  percent  barium  peroxide  and  20  percent  selenium. 
i ic  storage  qualities  and  the  dispersions  appear  to  he  poor  fref  (52)) 
and  recent  teats  indicate  that  reliability  and  low  temperate  per- 
formnnec  &.>  not  satisfactory-.  ’ 

? f:r' >barium  cbroraate-stU/ur  mixture.  A delay  mixture  con- 
a,  u manganese,  barium  chromate,  and  sulfur  (refs.  (13),  (53). 

, was  f,evc!°pcd  at  Picatinny  Arsenal  This  has  been  dis- 
carded because  of  limited  storage  life  at  65°  C 

miX,”r<,:  A *»•*  mixture  eon- 
sivclvSin  ( • "nd  P°fasatum  permanganate  was  used  esten- 

rncly  m Germany  during  World  War  II  (ref.  (55))  Very  little 
information  is  available,  but  it  is  known  «u-.  ,,  . * 

mlsorbreTf-m  ! V'  ,‘"<l  ,hl"  «■**  moisture  be 

smeon  X ^ s"  f ;illT""’r  Wlurtsb  ’ 

(57),  m (r-h:  <«>•<*>'•  . 
red  load  and/or  A? consist  of  silicon, 

expcrienmlin' oblain'n  hr<"n“!°’  “ bi"d,'r-  Dinieultira  were 

of  buruiuR  after  tV  ZlrT  "7 W°  b"r"inK  ,’"'1  ™'"inuily 

forces.  " 0i"m,'nl"  subjected  to  severe  impile. 

Cobalt  delay  mixture.  Some  ,l„ta  (ref.  (.),;))  ! 
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on  the  pcrfoniiHiK •<:  of  n mixture  of  surface  treated  cobalt  (ref.  (47)), 
lead  chromate,  and  potassium  perchlorate.  The  storage  qualities  of 
this  mixture  appeared  to  be  good,  but  no  other  information  on  its 
performance  is  available. 

Black  powder.  Black  powder  is  a mechanical  mixt  ure  of  potassium 
or  sodium  nitrate,  charcoal,  and  sulfur,  in  proportions  of  70-75, 
14-10  and  10-14,  respectively.  Potassium  nitrate  is  usually  used  for 
military  purposes,  while  sodium  nitrate  is  used  in  commercial  blasting 
powder  and  in  saluting  charges  (ref.  (10)).  Specifications  for  various 
grades  of  black  powder  for  military  uses  are  given  in  reference  17. 
Table  2.-0,  reproduced  from  this  reference,  shows  the  granulations  of 
Ih.e  various  grades. 

On  burning,  black  powder  produces  relatively  large  amounts  of 
gases,  together  with  a considerable  amount  of  incandescent  solid 
particles  (white  smoke).  The  analysis  of  the  combustion  products 
from  one  sample  of  biack  powder  is  presented  in  table  2-7,  which  was 
taken  from  reference  (18).  The  heat  of  combustion  of  black  powder 
has  been  reported  (ref.  (18))  as  718  cal/gm.  (1292  BTU/lb),  while  its 
flame  temperature  is  recorded  as  3880°  F (2138°  C).  The  ignition 
.temperature  of  black  powder  varies  widely  with  the  test  conditions. 
Values  reported  in  reference  (19)  for  potassium  nitrate  base  powrder 
vary  from  1G4  to  290°  (',  depending  on  the  rate  of  heating.  Under 
similar  conditions,  the  ignition  temperature  of  the  sodium  nitrate 
base  powder  appears  to  be  about  100°  C higher  than  that  of  the 
potassium  nitrate  powder. 

The  pressure  which  black  powder  will  build  up  in  a confined  space 
can  he  calculated  from  the  “impetus,”  which  may  he  defined  as  the 
pressure  times  the  volume  of  the  gases  produced  hv  a given  weight  of 
powder,  or: 


Volume  (cu.  ft.) X Pressure  (Ib./sq.  ft.) 
Wt.  Powder  (lbs.) 


Impetus 


Several  determinations  of  the  impetus  of  3FG  black  powder  were 
made  at  the  Naval  Ordnance  Laboratory  using  a 500  cc  (0.0176  cu.  ft.) 
bomb  equipped  with  an  Aberdeen  type  strain  gage.  The  results  are 
summarized  here. 
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Tarek  2-7.  Combustion  of  Block  Powder  (ref.  (/A)) 


! 

I’owrtrr  Aimlyxis  (t*Tw»nt  i>y  wight) . ' 

I'roillli’t  Amilysl.s  ( [MTCfii!  by  wlglit) 

i 

Anulysis  uf  Uiwvs  (|K*rmit  l»v  volume; 


A nu lysis  of  Solid  f'ro*l«<rfs  fjHW'W  l»y 

IVl'ij-  fit ) , . . ..  . . . . . , 


'Potassium  uitrrito 

f'ntnsslum  sulfiitiv . . 

| Sulfur 

Charcoal 

I Wntei 

i<  lilacs - - 

Solids 

Water  ...  

[Carbon  rllnxfdn. 

Carlwin  monoxide 

N'itroaon  .. 
ffvilrogcn  sulfide 

Methane . 

Hydrogen 

Tntassiuni  carbonate  . 
Potassium  sulfate  . . . . 

rotnssium  sulfide 

Potassium  thfoeyanide 
Potassium  nitrate 
Ammonium  carbonate 

Sulfur . 

.Carbon  


74. 430 
.133 
10. 093  i 
54.286 
1.053 
42.  98 
55. 9! 

1. 11 
49.29 
12.47 
32.  »1 
2.  65 
.43 
2.19 
61. 03 
15. 10 
14. 45 
.22 
.27 
.08 
8.74 
.08 


Black  powder  lias  a tendency  to  absorb  moisture,  a property  which 
may  affect  its  burning  characteristics.  Moisture  may  be  absorbed  in 
such  largo  quantities  that  the  powder  will  not  burn.  The  effect  of 
smaller  quantities  of  moisture  upon  the  ignitability  is  shown  in  figure 
2 (ref.  (10)).  In  this  investigation,  the  black  powder  was  exposed 
to  a liame  for  a definite  time  interval.  Ten  trials  were  made  at  each 
time  interval,  and  the  number  of  ignitions  obtained  was  designated 
as  the  probability  of  ignition.  This  probability  was  plotted  against 
exposure  time,  and  the  time  required  for  an  ignition  probability  of 
().">  was  used  in  calculating  the  ignitability  of  the  sample: 


I gnit  ability 


100 


Time  of  exposure  to  flame  (sec) 

Further  discussion  of  the  effect  of  moist  air  on  black  powder  will  be 
found  on  page  2-  hO. 

'Phe  burning  rate  of  black  powder  may  be  slowed  considerably  by 
incorporating  other  ingredients  in  the  mixture  (ref  (20)).  The  duPont 
Company  manufactures  a slow-burning  black  powder  which  bears  the 
designation  [)-">*>.  It  has  no  Army-Navy  specification. 

Th<-  computability  of  black  powder  with  various  metals  is  shown 
iii  table  2- It. 

Black  powder  fuses.  Black  powder  is  used  in  the  construction  of 
i!  number  of  fuses  employed  to  obtain  delays:  in  a number  of  applica- 
tions, including  fuzes.  The  most  widely  used  types  are  quickmatch, 
firecracker  fuse,  ami  safety 'blasting  fuse. 

Quickmatch.  Quirk  match  is  made  by  impregnating  a cotton  wick 
with  mealed  (fineiv  powdered)  or  unmealed  black  powder.  Gum  ara- 
or-  dextrine  is  used  as  a binder.  This  fuse  is  highly  sensitive  to 
moisture  and  must  bo  kept,  dry  for  proper  functioning.  Quickmatch 
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- igvrt  2-5.  Effect  of  Mohturt  on  Ignitakiiity  0f  Block  Powder. 

o\^actri2^innSrl",t“e0"f•',  "'h0n  co"fi'""1'  T,">  »n«M>finod  buminK 

rsar'n, » 


TAML~  2~8'  Burnin^Pf»ficatton,  (nr  Quickmnfr!.  (rr/.  <f/)) 


Ty»e  and  C?as~ 


Type  I.  Class  A 
Type  I,  Class  fl." 
Typ«  II,  Class  A.. 
Tyjwij,  Class  H. 
Type  III.  Class  \ 

Type  Jif  r-i_„  - 


i Po»<Jer 

Powcter... 

21^1*  Powder 

::::::: 


) Muln«a 
f {XMVBfllMd/ 

; fears  tits  41=sr 
j (»•*,,)  for  13 
’ Inefe  hrsf  tfc 


r*S_  * 

unmealed  1’ow.ler  i. 


1 < Strand  Intertwine.!  wj;h  snre*l*.i  \ . “ 

- snnmlH  cop,,,*  *»!,..  0.0142  inch  !n  diameter 

LOB  f 


0—9  o 

*•  4 e. 


CONFIDENTIAL 


/■/^vanriPkin  a i 

\%  ii'hi  m jraiJ  i ■ m t 

^ ~ * **  • •—•«•»<>  i i •#  Mm 


: i 5%  * /\r 

^makmcickkjm^  ur 


.v^i-V1  A’ 

IS 

vess* 

'*m 

^ si-ffi 

file 


•Ml 

m 


m 


:vf«r» 


SECURITY  INFORMATION  EXPLOSIVE  TRAIN  MATERIALS 

minutes.  It  is  normally  furnished  in  diameters  of  %«  to  % inch. 
Reference  (40)  presents  Government  specifications  on  30-second 
firecracker  fuse. 

Safety  blasting  fuse.  This  is  commonly  known  as  Ensign  Bickford 
hu*e.  It  is  made  by  braiding  and  spinning  cotton  threads  impreg- 
nated with  a tar-like  substance  over  a black  powder  core  and  then 
coating  with  wax.  It  can  he  obtained  with  burning  times  varying 
from  Jo  to  120  seconds  per  foot.  It  is  fairly  moistureproof.  It  is 
obtainable  only  in  a diameter  of  0.2  ineh.  Reference  (41)  presents 
Government,  specifications  on  120-second  blasting  fuse. 

Other  Materials  Used  in  Short  Delays 

Normal  lead  styphnate.  This  has  been  used  in  an  experimental 
4-milliseeond  delay  initiated  by  an  electric  primer.  In  this  applica- 
tion, 10.4  mg  of  normal  lead  styphnate  is  dead  pressed  at  80,000  pst 
in  a delay  cavity  ’(«  inch  in  diameter  and  0.075  inch  long.  The 
burning  rates  of  the  freshly  prepared  delays  are  consistent  and  range 
from  3 to  5 milliseconds.  However,  after  several  months  exposure 
at  05  percent  relative  humidity  and  140°  F,  the  burning  rates  become 
erratic  and  may  fall  below  1 millisecond.  The  surveillance  deteriora- 
tion is  being  investigated. 

Normal  load  2,4-dinitroresorcinate.  This  has  been  used  in  an 
experimental  5-milliseeond.  delay  initiated  by  an  electric  primer. 
Vine  milligrams  of  lead  dinitroresorcinatc  is  pressed  at  60,000  to 
80,000  psi  into  a cavity,  K«  inch  in  diameter  and  0.064  inch  long. 
Preliminary  data  indicate  that  such  delays  have  satisfactory  stability 
in  surveillance  under  conditions  of  high  temperature  and  high  relative 
humidity. 

Section  3. — Use  and  Handling  Characteristics  of 
Explosive  Train  Materials 

The  performance  characteristics  of  explosive  train  materials  are 
considered  in  sections  l and  2.  This  section  presents  data  on  some 
of  the  secondary  • hriracteristies,  which  are  helpful  in  connection  with 
the  us-,  and  handling  of  these  materials. 

Use  Characteristics 

Data  on  loading  pressure  versus  loading  density,  temperature  of 
explosion,  elec  Tost  a tie.  sensitivity,  storage  stability,  compatability, 
and  solubility  are  presented  in  the  following  paragraphs. 

lending  density.  The  available  information  on  the  effect  of  pressure 
on  Gil-  Niiulimr  density  of  a number  of  explosives  is  summarized  in 
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table  2-9.  In  case  the  explosive  may  be  east,  the  easting  density  bas 
been  included  if  available.  The  crystal  densities  of  the  pure  explosives 

nave  also  been  included  to  serve  as  an  indication  of  the  ultimate 
loading  density. 

A nomograph  which  may  be  used  for  estimating  the  loading  density 
m f?mm0nIy  use<1  exPlo«»ves  is  presented  in  figure  2-6  (ref. 
K a laS®  2“10  PrwM>nt8  data  °f>  the  loading  density  of  black 

rKTdTo  D,?re,paac,es  which  ,na?  - noted  between  value*  given  in 
table  2 9 and  those  obtained  from  figure  2-6  mav  be  attributed  to 

lZTm!n  lo^.condhions  and  materials,  fading  density  is  a 
the  snmrd  e distribution  and  other  factors  that  depend  on 

the  sample  and  on  the  conditions  of  loading.  Accordingly,  loading 

Tabi,b  2-10.  Effect  of  leading  Prefer  on  (hr  Denrity  of  firadt  A Hinck  Puu-drr 

[ref.  (,?/,)) 

i too/farl  Into  r-Het  0.05  inch  in  diameter  X 0.35  inch  in  beixht! 
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DensiiXof  pfWiii 
M»et  (gm/rr) 
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1-  1 (w!.  from  ref. 
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10.  000 
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J.  74 

34,1X10 

I.  Kfl 

50,  (XX) 

I.  K\ 

74.000 

KM 

100,000 
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I.  Mi  (ref.  (3o>) 
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* NitriCWANNITE 


1-3.0  £ 


♦ LEAO  STYPHNATE 


• LEAO  A2I0E 


• MERCURY  FULMINATE 


DRAW  A STRAIGHT  LINE  FROM  PRESSURE 
USED  THROUGH  POINT  FOR  EXPLOSIVE-. 
THE  INTERSECTION  WITH  DENSITY  AXIS 
GIVES  APPROXIMATE  VALUE  OF  DENSITY. 
(USE  WITH  CAUTION  AT  HIGH  PRESSURES!. 
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;raph*fcr  Estimating  Loading  Density. 


0 ^0  K 

A.  j£» 


ORDNANCE  EXPLOStVE  TRAIN 
DESIGNERS:  HANubOOK 


CONHtfENTi  ,L 
securin'  sr4ror<MAT!  -n 


density  values  should  be  considered  as  an  approximation  of  *.  ,sS 
would  be  expected  with  average  materials  and  with  loaning 

Pr^mpiaiuxc  of  explosion.  The  temperature  of  explosion  is  no;  a 
well-defined  property  since  the  values  obtained  vary  widely  with  the 
test  conditions.  If,  however,  the  conditions  are  closely  control,,,], 
reproducible,  values  may  be  obtained,  and  it  is  found  that  he  tune 
required  for  the  explosion  to  occur  is  an  inverse,  function  of  the  tempera- 
te. If  the  log  of  the  time  required  for  an  explosion  is  plotted 
against  the  reciprocal  of  the  absolute  temjjeraturc,  a straight  line  is 
obtained  The  slope  of  this  line  may  lie  used  to  calculate  activation 
energy  (ref.  «25)>.  The  temperature  of  explosion  is  thus  seen  to  be  a 
variable  which  for  a given  set  of  test  conditions  can  be  defined  by  the 
temperature  at  which  an  explosion  will  occur  in  a given  time  and  the 
sdope  of  the  curve  of  the  log  of  the  time  versus  the  reciprocal  of  the 
absolute  temperature. 

Since  there  is  a statistical  distribution  of  energy  among  the  molecules 
in  a substance,  it  may  be  assumed  that  at  any  temperature  above 
absolute  zero  some  of  the  molecules  of  a nietustable  substance  will 
have  sufficient  energy*  to  decompose.  If  the  heat  produced  by  such 
random  decompositions  is  not  dissipated,  it  will  raise  the  temperature 
of  the  substance;  in  turn,  the  rate  of  decomposition  will  increase. 
This  self-accelerating  process,  termed  the  "growth  of  explosion  (ref. 
(I)),  eventually  will  lead  to  a complete  and  probably  violent  decom- 
position if  it  is  unchecked.  Under  norm*. I storage  conditions,  the  heat 
generated  by  random  molecular  decompositions  is  dissipated  to  the 
surroundings  and  the  substance  reaches  equilibrium  at  a temperature 
slightly  higher  than  that  of  its  surroundings. 

The  relationship  between  the  size  and  shape  of  the  explosive  charge 
and  the  temperature  necessary  for  an  explosion  to  occur  is  discussed  m 
reference  (1).  It  defines  the  former  as  "critical  explosion  size”  and 
the  latter  as  “critica]  explosion  temperature.'5  Accordingly,  an 
infinitely  large  piece  of  explosive  w*ili  always  explode  after  a finite 
time,  depending  on  the  initial  temperature.  If  the  size  is  finite  and 
the  charge  is  contained  in  a nonconducting  envelope,  the  self-  acceler- 
ating reaction  results  in  an  explosion.  However,  if  the  sample  is 
finite  and  heat  is  able  to  escape  through  its  surface,  there  may  or  may 
not  be  an  explosion. 

Any  metastable  substance  has  been  conside.red  capable  of  sport 
| tanc-ously  exploding  if  stored  in  amounts  which  are  supercritical.  1' 
is  estimated  that  mercury  fulminate,  in  the  form  of  a slab  .'{.1  meter 
thick  would  explode  at  the  temperature  of  a Washington,  IX  C.  sum 
mer  (92°  F)  Cylinders  and  spheres  of  the  same  material  with  diam 
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rfr-rs  of  4 S motors  And  C-0  niotorg,  r ospoc lively,  would  Also  explode 
.spontaneously  (ref.  (!)) 

In  spite  of  the*  fact  that  the  explosion  temperature  is  not  a property 
that  can  he  evaluated  with  prevision,  it  is  nevertheless  useful  to  have 
some  qualitative  indication  of  this  property.  The  data  presented  in 
table  2-11  are  relative  estimates  of  this  characteristic.-  Data  show- 
ing the  variation  of  explosion  time  with  temperature  for  many  of 
these  explosives  will  he  found  in  references  (23)  and  (25). 


Tahi.k  2-11. — Explosion  Tom  pernio  rr  ( tb-grrnx  (') 

f Ui'fi'ri'iitT  miinU-rs  lit  hpnils  <>f  initimrss  ami  <>i>|K»site  items  indicate  sources  of  data.  Letters  refer  to 

footnotes] 
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1 l*oweM  f vptf.sion  tMi|i»'r.'>>iire  otxerve.l. 

: TeMim'rntsire  for  explosion  in  one  second. 

! 5o  i^rret-t  prot.-itnllty  r.f  explosion,  aluminum  har  method. 

Sensitivity  to  electrostatic  discharge.  The  amount  of  energy  re- 
quired for  the  initiation  of  explosives  by  n source  of  energy,  such  as 
tin  electric  spark,  varies  widely  with  conditions.  As  a consequence, 
' !ie  energy  required  for  initiation  by  electrostatic  discharge  is  not  a 
basic  ftr  well-defined  property  of  an  explosive.  However,  the  possi- 
bility of  chance  initiation  by  electric  sparks  represents  a hazard  in 
the  handling  of  certain  explosives,  and  an  indication  of  the  compara- 
tive electrostatic  sensitivity  of  various  explosives  is  of  some  practical 

I i iii>Oi*t  diil  tb 

Table  2 :2  summarizes  electrostatic  sensitivity  data  from  two 
sources.  The  apparatus  used  to  obtain  the  Bureau  of  Mines  data  is 
deseribi »!  -in  reference  (-1),  and  that  used  to  obtain  the  Naval  Ord- 
nance Laboratory  data  is  described  in  reference  (58).  ft  appears  that 
{•article  size  has  n verv  jo'eat  influence  oh  sensitivity,  the  smaller 
n.iti'i'i.de  :-!/.c>  i ) ji v MiLr  the  greater  sensitivity. 
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MriiKurvinofsts  on  the  rapacity  of  the  human  body  to  build  up  static 
energy  (ref.  (5))  shoved  «?,  value  of  0.0003  microfarad  to  be  not  uncom- 
mon. If  a person  is  charged  to  5000  volts,  which  is  a reasonable  figure, 
the  energy  would  be  of  the  order  of  37,500  ergs.  Thus,  it  appears 
that  the  highly  sensitive  explosives  may  easily  be  ignited  by  a spark 
from  a person,  and  this  conclusion  has  been  experimentally  confirmed. 

Stability  of  explosive  train  materials.  Table  2-13  gives  stability 
and  surveillance  data  on  a number  of  explosives.  The  vacuum  stabil- 
ity test  is  a measure  of  the  rate  at  which  gaseous  decomposition  prod- 
ucts are  liberated  from  a 5-gram  sample  of  the  explosive  heated  in 
vacuo,  usually  at  120°  C for  48  hours.  The  thermal  stability  test 
measures  the  time  required  for  a 0.5-gram  sample  of  the  explosive, 
when  heated  to  135°  C,  to  liberate  a sufficient  quantity  of  oxides  of 
nitrogen  to  discolor  a strip  of  methyl  violet  paper.  Times  are  re- 

Tabi.K  2-13. — Stability  of  Explosives 


Vacuum  Stability  (JO)  j Thermal  j 

- Stability  i 

Krpltxtlrr  T ! at  135° C ! 

, ! CtnP-~ . | ccgM/5grams/  Tima  ! 
(sscarcas , 4„  hour„  (min.)  j 


Surveillance  Charneterist!;: 


Mercury  Fulminat” 


100  (23)  , 1.0  (10 lira)....!. 
120  (23)  i (1.07  <40  hl-S)...  . 

I0O  (23)  0.4  (40  hrs) 

120  (23i  1 0.4  (441  hrs) 1. 

100  (23)  | 7.0  (40  lira)...! 
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J Rapidly  dvtrriomfcs  in  hi?!:  temperature 
i sto. age,  dry  or  wet.  (23)  (2«)  Life  of  10  to 
i Unlays  at  80°  C.  (27). 

. J Surveillance  at  80°  C for  960  days  showed  no 
. j loss  of  power.  (27) 

. 2 months  storage  at  80°  C showed  no  effect  on 
power  or  sensitivity.  (23) 

. No  loss  in  power  after  5 months  storage,  dry 
or  wet.  Darkens  In  direct  sunlight. 

. X’o  significant  change  after  2 months  storage 
at  75°  C.  (7). 

. Decomposes  in  a few  hours  at  75°  C,  stable  at 
room  temperature.  (7) 

. j Surveillance  at  05°  C for  4 months,  no  chance 
i In  stability.  Storage  for  450  hours  at  100°  C 
j caused  no  decomposition.  (7) 

. > Surveillance,  no  deterioration  in  11-13  months 
; at  65°  or  85°  C.  (7) 

Surveillance,  storage  at  63°  C for  11  months, 
j no  deertwse  In  stability.  (7) 

J Sui  veiiianee.  no  decrease  in  stability,  slight 
lowering  of  M . P.  on  storage  for  4 months  at 

r/.°  V.  (7) 

No  decomposition  in  1S5  eight-hour  days  fit 
• 95°  C (7) 

. Surveillance,  no  deterioration  in  14  months 
lit  65°  C.  ( i ) 

| Dews  not  exude  at  65°  C when  waxes  melting 
l sharply  at  above  75°  C are  used. 

.1  Satisfactory  storage  characteristics.  (28) 

' Damaged  bv  moisture.  (28)  Contact  with 
I heavy  inotnls  forms  explosive  salts.  (7) 

.|  Satisfactory  storage  character),  tics.  (28) 
S;.t!«r,.etnry  storage  characteristics.  (28) 

.j  Satisfactory  storage  characteristics.  (28) 

. i 

.1  Satisfactory  st outgo  characteristics.  (23)  .\\> 

; sigu'.llctini  change  In  power  or  sensitiviiy 
| after  .3.5  years  ::t  59°  C and  2 years  at 
i magaslne  temperature.  (23.) 

. ! Stable  it  humidity  is  not  excessive.  See 
nape  2-3!). 
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corded  in  minutes.  The  tost  was  di**’onttmt<»d  if  no  roncf-ion  n„ 
observed  at  the  end  of  5 hours;  this  result  i«  indicated  bv  the  syrnbo 
NA  (no  action).  A description  of  the  vacuum  and  thermal  stability 
test  methods  is  given  in  reference  (29). 

The  surveillance  characteristics  of  black  powder  are  of  pnrtirulut 
interest  because  of  the  wide  use  of  this  material.  It  can  be  said  that 
black  powder  has  remarkably  good  surveillance  characteristics  provided 
it  is  kept  reasonably  dry.  Potassium  nitrate  is  soluble  in  water  and 
will  be  leached  out  if  the  powder  comes  in  contact  with  liquid  water. 
Likewise,  if  the  relative  humidity  becomes  high  enough,  water  will 
condense  on  the  powder  and  a leaching  act  ion  will  occur.  1 1 was  found 
(ref.  (30))  that  at  86°  F no  leaching  occurred  at  relative  humidities 
of  89  percent  or  below,  but  that  leaching  did  occur  nt  95  percent 
relative  humidities.  Theoretical  considerations  indicate  that  leaching 
will  occur  if  the  relative  humidity  is  such  as  to  correspond  to  a partial 
pressure  of  water  vapor  which  is  equal  to  or  higher  than  the  vapor 
pressure  of  a saturated  solution  of  potassium  nitrate.  Using  litera- 
ture values  for  the  vapor  pressure  of  water  and  of  saturated  potassium 
nitrate  solution,  the  following  data  nave  been  calculated. 


Tmimiin 

tibpiN  C) 


Ham Idlo  <Pw-  ! 
4kW4)  A bore  Wfcka 
Black  Po»<W  W«l  a*  I 


tl^  “P  “blht7  of  tr*i"  “Merida.  The  available  informa- 

t.on  on  the  compatibility  between  explosive  explosive  and 

oaKccn  explosive  and  structural  materials  is  summarized  in  table 

i he  explosives  arc  listed  in  the  approximate  order  of  decrees- 

xnrrr  ^ ap.penr  in  t,i,ics  2->  “nd  2-*  w«<*  powder 

ion,  Sni'  T;,.Th'' llata  tnl,lc  2-14  »re  limited  to  moist  condi- 
,™n,!  °f  tho  ™"rco  reference  contain  compatibility  data  ob- 

m nlrd  ?(  COml,l,ons’  but  th«*  h.r«  not  been  included  because 
excluded  °S  thCr"  "”3  n°  B5slil““ce  "mt  moisture  was  completely 

. The  available  data  on  the  solubiliiics  „f 

TmL?  PUre  ff^"ir0‘  in  *“«■•  nlcohol,  acetone,  fed  benzene 
utt,  summni  i/.cu  in  table  2-15, 
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[Code:  A»No  reaction;  13 "Slight  reaction;  C»  Reacts  readily:  D~  Reacts  to  form  sensitive  mate 


Materiel  >n  Contact  with  Explosive 
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Steel  coated  with  acid  proof  bUtci!:  paint i ! I Rmi" 

Cadmium  plated  steel j 1 1 iito)  

Nickel  plated  steel i”"::"" '""I""" 1 £}£;  a 
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Lead  aside . 1 ; 

Black  powder I !” 


A j C(7) 
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1 Reported  to  react  slowly  to  form  sensitive  salts,  probably  under  slightly  acidic  conditions. 
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Taiu.K  2-15.-  Sul n!iii Hit  of  in  Some  Common  Solvent*  (Gram*! ! 00 

Gram*  of  Solvent) 

[ Ib'f.'pnrr  number*  in  parent li»‘S»"i  in.lieale  Source1;  of  <iuta-  !,et  u'r  fa)  refer*  (f>  font note!  j 
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Handling  Characteristics 

fnlornmtion  which  should  ho  useful  in  the  stomp*  and  handlin';  of 
explosive  I ruin  materials  is  present  <*<!  in  t able  2—10.  Tnis  t able  in- 
Hudcs  data  on  types  of  stomp*,  precautions  in  -‘-'•mp*  and  handling, 
und  solutions  useful  for  destroying  the  explosive  without  undue  hazard. 
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Tablf.  2-15. — Handling  ChttratUrintifti  ttf  /-5r/»<«oec  7V«i?i  ,\fn!rr 
(RcfcrctRC  immlwrs  in  i«irrnt!ic«-v  indies!*1  ,,f  d.it»] 


Rimtsliaii 


I i ~ar  m!m  »n 


Mercury  Fuimlnate  : Wet 
Loiid  Aridc . . .<! 


I>I>NP. *\o 

TfSrrtf'cn* ...  ,dr» 

Xitromwmile <?« 

PETS i «So 

RDX. I .In 


rrnicutc  30/50 : I *ry 

PTX-2 f.  .do 


IWtttltlVC  in  »1  ilT  n Vid  :,trd  1,*1l'l!t; 

<za.  iK. 

Semi* Ire-  in  flswc  and  msud'a.  yr.im.itilnni  vn-tutr  f }=. 
Form*  »(i.l!lvc  r* iW**  srld*  ' ' 

122- . 

iVft.Ulvr  Id  fl , !:sr  .tis’l  ! ;;  iislfr  S*i«!;<!tn  cjfl«ri[uR 

electricity  ;»«=  }»»*<-  7 *V- 

Seiwlti.r  in  flame  f '<  ’ ! .odium  hv 

ifn  . 


......  Mviliolvio!  slowly  hy  ilka 

i i i*-»  (zr. 

Sensitive  ntlxiury*  with  iron  *nd  Hoi  wndimt:  hydroxide  ’73  . 
Popper  oxides,  pufariti  w heft 
taken  wtiily  lll'K 


Tetryl ,.w  . 


Tcrpsi-2 1 

Composition  B ! 

Comport  t km  A -3 I 

Ednstnl j 

Picric  acid ...I 


Forms  compound*  » Ith  met  al*  ! 
Ihtst  eipldtlnn  harnrd  tz?>;  1 
Con  tar:  with  skirt  may  mts*r  j 
dermatitl*  <,>. 


Boltin'  Ss-nthic 


HBX 

Tritons]  sysn 

TXT... 


Forms  tensile  c lead  an«l  copier 
salts. 


Picratol... f do 

Explosively ; Dry- wooden  j 

j containers.  j 

Black  powder ! J>ry. ! 


...do.  ■'  SliihUy  tuiki  (Zl>  06);  reset*  t 

1 with  alkalies  and  ammonia  *<>  ’ 
form  wndtlve  compound*  !2J> 


When  wet  react*  with  i 

lead  and  copper  to  form  wtwj.  I 
live  salt*. 

Part letilsrly  sensitive  to  fl.-.rpr  : 
and  sinrk*. 
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Chapter  3 

CHARACTERISTICS  OF  PRIMERS 

The  primer  usually  occupies  the  initial  position  in  the  explosive 
train  and,  accordingly,  is  generally  the  most  sensitive  element  in  the 
train.  The  priming  mixture  may  be  initiated  by  either  mechanical 
or  electrical  energy.  Fuze  primers  arc  classified  as  stab,  percussion, 
or  electric,  depending  on  the  nature  of  the  initiation.  Available 
information  on  the  characteristics  of  each  of  these  types  is  summarized 
in  the  following  sections. 


Section  I:  Stab  Primers 


General  Perfc?  fiiGtaCC  Characteristics 


Stub  primers  are  small,  initiating  elements  that  are  highly  sensitive 
lo  the  action  of  a stab-type  firing  pin.  The  explosive  charge  is 
designed  to  evolve  a quantity  of  gas  at  high  temperature  for  the  pur- 
pose of:  (!)  Accomplishing  mechanical  work;  (2)  initiating  a burning 
action  in  pyrotechnic  and  explosive  charges;  or  (3)  initiating  the 
explosive  charge  in  a flash  detonator. 

Applications.  Stab  primers  are  used  by  the  Navy  to  perform 
mechanical  work,  bor  example,  Primer  Aik  102  expands  the  inner 
dip  of  a fuze  of  the  Mk  28  type  and  drives  a firing  pin  into  the  second- 
ary primer.  Primer  Mk  100  in  one  application  drives  a pin  into  a 
glass  vial. 

Stab  primers  are  used  by  the  Army  to  ignite  ft  black-powder 
charge.  Army  Primer  M4f>  includes  an  ignition  charge  within  the 
stab  primer  assembly  in  addition  to  the  priming  charge.  Although 
American  practice  has  been  to  use  percussion  type  primers  for  the 
initiation  of  sealed  delay  elements,  several  foreign  fuzes  which  have 
been  examined  have  a stab  primer,  together  with  its  tiring  pin, 
enclosed  within  such  an  element.  In  one  such  fuze,  initiation  results 
from  setback  forces;  in  another,  initiation  results  from  impact  forces. 

Advantages.  Stab  primers  may  be  made  to  possess  a higher  degree 
of  sensitivity  than  percussion  primers.  Thereiorc,  wncre  little  energy 
(or  initiating  an  explosive  train  is  available,  stab  primers  may  be  used 

advantageously.  . _ . 

Disadvantages.  Stab  primers  are  initiated  by  driving  a firing  pm 

into  the  sensitive  end  of  the  primer  case.  The  resulting  hole  allows 
combustion  products  to  escape  from  this  end  of  the  primer.  In  many 
stppiicu'  ions,  this  design  is  undesirable  from  the  standpoint  of  pressure 
,-ohi  .,0.1  t h„  nncsihiiitv  of  fouling  moving  parts. 
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Construction 

Stab  primers  ere  small,  explosive  items  consisting  of  an  explosive 
charge  contained  in  a cylindrical  cup.  The  sensitive  end  of  Navy 
stab  primers  is  closed  by  a very  thin  metal  cover  disk  crimped  into 
place.  The  closure  of  the  opposite  end  may  be  of  the  same  type  (in 
this  case  the  metal  is  turned  over  and  the  disk  placed  prior  to  loading) 
or  the  cup  may  have  a closed  end.  Stab  primers  currently  in  use  by 
the  Army  and  Navy  vary  in  size  from  0. 16-inch  diameter  by  0.100- 
inch  length  (Navy  Primer  Mk  102)  to  0.241-inch  diameter  bv  0.340- 
inch  length  (Army  Primer  M45). 

Primary  Exp’osive.  The  usuai  explosive  charge  of  stab  primers  is 
a mixture  of  an  explosive  ingredient  combined  with  n fuel  and  oxi- 
dizer to  increase  the  heat  anti  quantity  of  gas  formed  during  the  ex- 
plosion. Sensitivity  to  mechanical  energy  stands  high  in  the  list  of 
required  characteristics  of  these  mixtures.  The  lead  azide  priming 
mixture  used  in  Navy  Primer  Mk  100  includes  an  abrasive  which 
serves  as  a sensitizing  agent.  Data  on  the  more  important  priming 
mixtures  now  "being  used  by  the  Army  and  Navy  are  presented  in 
table  2-3. 

The  Navy  has  experienced  considerable  difficulty'  with  Primer  Mk 
102  Mod  0 (Pom  Pom  No.  74  priming  mixture)  in  that  deterioration 
takes  place  in  a relatively  short  time  in  the  highly  humid,  ammoniocal 
atmosphere  of  Explosive  D loaded  projectiles.  The  life  characteristics 
of  NOL  No.  Io0  mixture  used  in  Primer  Mk  102  Mod  1 are  much 
superior  to  those  of  Pom  Pom  No.  74  under  these  conditions. 

Table  3-1.-  Composition*  of  Somi  of  Ihc  More  Sensible  Slab  Priming 

Mia  lures 


Mixtnr* 


Com  Pom  No.  74. 


OS  SOI  Mixture. 


PA  190... 


Mercury  Fulminate  . 
Antimony  Sulfide 
Potassium  Chlorate. . . 
Potassium  r hjorit; 

A ntimnn  y SuiaiUr^  ’ \ ' 
Lead  Sulfocyanute. . _ . ' 

Potassium  Chlorate. 

Antimony  Sulfide 

Lead  Suiioeyaoate... 
Lead  Azide 


Lead  Azide  Priming  Mixture. 


Potassium  Chlorate. 
Antimony  Sulfide... 
Lead  Sulfocsanate 
T NT 


N0L  N’o.  jyi 


Potassium  Chlorate. 
Antimony  Sulfide.. 

Lead  Ailde 

Carborundum 


jjiwic  Load  Htyphnate 

Barium  Nitrate 

Lesd  Aziue 

Tetr  scene 

Antimony  Hmn.<te~~~  ' ; 
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In  an  effort  to  find  a priming  mixture  suitable  for  a particular 
application,  a direct  comparison  was  made  between  the  sensitivities 
and  outputs  of  a number  of  the  more  sensitive  stab  priming  mixtures. 
In  this  study,  the  priming  mixtures  were  loaded  (at  15,000  psi)  into 
Mk  102  Mod  0 primer  cups  (50  primers  for  each  mixture),  closed  with 
the  standard  closing  procedure  for  Primer  Mk  102,  and  then  subjected 
to  sensitivity  and  output  tests  on  Detonator  Test  Set  Mk  136  (see 
page  9-4),  using  a two-ounce  ball.  The  compositions  of  the  mixtures 
are  given  in  table  3-1. 

The  results  of  sensitivity  and  output  tests  of  primer  cups  loaded 
with  the  various  mixtures  are  given  in  table  3-2. 

Table  3-2. — Sensitivities  and  Outputs  of  Some  of  the  Afore.  Sensitive  Stab  Priming 

Mixtures 


Inpat  (Sensitivity) 


Standard 
deviation 
(inches)  ' 


rx  loo 

Lead  Ailde  Priming  Mixture 
NOL  No.  130 


Output  (PotWf)  ;Vj' 

Average 
lead  dials 
indentation 
(Inches) 

Standard 
deviation 
of  lead  dish 
indentations 
(Inches) 

0.0670 

.0179 

.0199 

.0384 

.0757 

.0577 

0.0045 

.0044 

.0051  'iJ 

. 0051 

' . 0199  ; u. 

.0033 

ip 

Construction  metals.  Metals  for  components  vary  with  the  primer 
charge.  Navy  practice  is  to  load  mixtures  containing  fulminate  into 
copper  or  copper  base  metals.  Mixtures  containing  lead  azide  are 
loaded  into  cups  formed  from  aluminum  or  aluminum  base  alloys. 

In  the  two  stab-type  primers  used  by  the  Army,  the  priming 
mlxturo  is  encased  in  a gilding  metal  (copper  base)  cup.  The  inside 
surfaces  of  the  cups  are  painted  with  dyed  (for  identification  purposes) 
shellac  to  prevent  contact  between  the  azide  of  the  priming  mixture 
and  the  copper  of  the  primer  cup  (ref.  17).  It  is  a policy  of  the 
Navy  not  to  load  lead  azide  into  copper  base  metals  although  no 
written  statement  or  directive  to  that  effect  is  known  to  exist. 

Figure  3-1  illustrates  three  of  the  more  common  stab  primers  in 
use  by  the  Army  and  Navy. 

Effects  of  Construction  Details  on  Input  Characteristics 

Firing  pin  shape.  Because  of  the  similar’  initiating  energy  input 
available  for  functioning  stab  primers  and  stab  detonators,  the  details 
of  firing  pin  construction  arc  the  same.  The  most  widely  used  con- 
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ANTIMONY  S UL  FIDE  17%  1 / % 

,s^  iEAO  SULPhOCYANATE  75%  f /% 
LEAR  AZ’OE  s% - t\ 


M 45 

(ARMY) 


0.342 
♦ 0.000 
-0.005 


POM  POM  ROTA 
PRIMING  MIXTURE 
APPROX.  0.063  SRAMS 


- 0 241 
♦ 0.000 
-0.004 


COMPOSITION  OP  PRIMING  MIXTURE  NO  74 
FULMINATE  OF  MEPC'JRr  37%  *7% 
ANTIMONY  SULPHIDE  73%  t !% 

potassium  chlorate  45x17% 


|j  PRIMER  MX  iC2  MOD  0 

U- 0.100 

t0.003 


U-0. 160 

♦O.UOOS 

-O.OOC 


0.116  GRAMS  OF  PRIMING  MIXTURE 


COMPOSITION  Of  PRrMiNG  MIXTURE  SAME 
AS  FOR  PRIMER  M45  (ARMY) 


PRIMER  M 76 
(ARMY) 


}"*-  0.115 

+0  000 

-6!6o7 


— ►!  0.1 


0.193 

♦0.000 

-0.006 


Figure  3-7.  Stab  Primers  in  Use  by  the  A-my  and  Navy. 
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Limited  tests  on  Italian  firing  pins  (ref.  (5))  with  firing  points  of 
pyramidal  contour,  ns  shown  in  figure  3-2,  indicate  that  these  would 
initiate  detonators  on  56  percent  of  the  energy  input  required,  by  the 
conical  design  used  by  the  Navy.  Pyramidal  designs  appear  to  offer 
considerable  promise  for  low-energy  applications  in  spite  of  the  fact 
that  they  probably  are  more  difficult  to  manufacture. 

I no  required  energy  input  varies  only  slightly  with  changes  up  to 
about  0.015  inch  in  the  diameter  of  the  flat  on  the  end  of  the  firing 
pin:  above  0.03  5 inch,  the  required  energy  input  increases  at  a much 
higher  rate  (refs.  (3)  and  (4)). 

A very  important  consideration  with  respect  to  uniformity  and  high 
sensitivity  is  the  corner,  or  arris,  between  the  flat  and  the  taper  of  the 


-J, 

23°  0.140  | 

Jt_i 


Figure  3-2.  Firing  Pin  from  Italian  Ammunition. 

firing  pin  point  (ref.  (1)).  A sharp  corner  gives  the  best  functioning. 
The  maximum  radius  permitted  should  he  governed  to  some  extent 
by  available  liumufaei tiring  facilities  and  firing  pin  fiat,  but  should  be 
held  to  0,002  inch  or  less  where  practical. 

As  a result  of  studies  of  firing  pin  contour,  the  Naval  Ordnance 
Laboratory  chose  the  following  typical  dimensions  as  representing  a 
highly  satisfactory  pm  contour. 

firing  pin  fiat:  0.010  inch ±0.003  inch 

angle  of  (one:  2X  degrees ±2  degrees 

radius  of  corner:  sharp  preferred,  0.002  inch  maximum 

These  dimensions  have  been  standardized  by  the  Navy  for  test  firing 
pins  for  sta!;  primers  and  detonators.  Newly  designed  fuze  tiring  pins 
approach  these  dimensions  as  nearly  as  possible. 

Firing  pin  material.  Loth  steel  and  aluminum  have  been  used  by 
« he  Navy  for  the  manufacture  of  fuze  tiring  pins.  Reference  (1)  re- 
ports tests  in  which  sensitivity  was  measured  by  identical  procedures 
except  ihai  incuse  ease  aluminum  firing  pins  were  used  and  in  the  other 
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case  steel  firing  pins  wore  used.  Items  tested  with  stool  firing  pms 
showed  slightly  greater  sensitivity,  hut  the  difference  was  not,  of 
sufficient  magnitude  to  preclude  the  use  of  a variety  of  metals  for  the 
manufacture  of  firing  pins. 

Disk  thickness  vs.  inpot  requirements.  Data  available  on  disk 
thickness  vs.  input  requirements  are  somewhat  meager.  A test  was 
conducted  at  the  Naval  Ordnance  Lnlamitorv  in  which  lead  azide 
priming  mixture  was  loaded  into  aluminum  cups  of  Mk  102  primer 
cup  design  and  covered  with  disks  of  various  thicknesses.  Fifty 
samples  were  prepared  with  each  thickness  of  disk.  The  results  of  n 
sensitivity  test  on  these  primers  are  presented  in  table  3-3. 

The  results  shown  graphically  in  figure  3-3  fall  on  a straight  line.  In 
addition  to  variations  in  disk  thickness,  several  points  are  included  on 
the  graph  which  show  the  sensitivity  of  primers  into  which  several 
disks  have  been  assembled.  These  latter  data  were  included  for  the 
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reason  that  several  clicks  are  occasionally  assembled  into  stab  primers 
and  detonators  through  error. 

Effect  of  firing  pin  velocity  on  input  requirements.  Work  con- 
ducted at  the  Naval  Ordnance  Laboratory  showed  a definite  relation- 
ship existing  between  energy  input  requirements  and  firing  pin  ve- 
locity for  the  initiation  of  Primer  Mk  102  (formerly  designated 
“Sensitive  Primer  Mk  JO”)  (ref.  (5)).  There  appear  to  be  two  possible 
conditions  under  which  initiation  will  not  occur:  (1)  where  the  total 
transfer  of  energy  is  large  but  the  rate  of  transfer  is  low;  and  (2)  where 
(he  rate  of  transfer  is  high  blit  total  energy  is  low.  In  other  words, 
there  is  a minimum  energy  requirement  as  well  as  a minimum  velocity 
requirement  for  firing  stab  primers.  Between  these  two  extreme  con- 
ditions, there  seems  to  be  a hyperbolic  relationship  between  impact 
velocity  and  total  energy  requirements,  as  illustrated  by  figure  3-4. 
Additional  data  of  this  typo  may  be  found  in  reference  (16). 
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Figure  3-4.  Primer  Mk  102  Sensitivity  Tests  with  Standard  Navy  Test 
Firing  Pin.  Plot  of  Impact  Velocity  vs.  Total  Energy  Required  for  10G 
Percent  Firing. 

Effect  of  Loading  ! eeHniques 

Effect  of  loading  pressure  on  input  requirements. 

It.  has  been  demonstrated  that  the  sensitivity  of  some  priming 
mixtures  is  virtually  unaffected  by  loading  pressure,  while  others 
show  a marked  increase  in  sensitivity  with  increasing  pressure.  In 
tests  on  Mk  102  Mod  0 type  primers  loaded  with  the  mercury  fulmi- 
nate priming  mixture  Pom  Pom  No.  74,  no  change  in  sensitivity  was 
noted  when  varying  the  loading  pressure  from  10,000  to  30,000  psi 
(ref.  (0)). 

In  similar  tests  on  the  experimental  NOL  No.  103  priming  mixture 
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no  change  in  sensitivity  was  noted  over  the  same  range  of  loading 
pressures. 

The  NOL  No.  130  priming  mixture,  however,  shows  a marked 
increase  in  sensitivity  with  increased  loading  pressure.  Data  in  this 
connection  as  applied  to  detonators  are  presented  in  chapter  4 under 
the  discussion  of  Input  Characteristics  (page  4-10).  Corresponding 
data  obtained  on  the  NOL  No.  130  priming  mixture  loaded  into 
Mk  102  Mod  1 primer  cups  are  presented  in  table  3-4. 

These  data  show*  that  both  sensitivity  and  uniformity  are  improved 
by  high  loading  pressures.  In  an  effort  to  determine  the  minimum 
obtainable  firing  energy  for  stab  primers,  Mk  102  Mod  1 cups  were 
loaded  w*ith  NOL  No.  130  priming  mixture  at  a pressure  of  80,000  psi. 
These  primers  were  then  tested  with  « one-ounce  ball  with  the  pyra- 
midal firing  pin  discussed  on  page  3-5.  The  mean  drop  height  ob- 
tained was  0.65  inch  with  a standard  deviation  of  0.23  inch.  This 
value  of  0.65  inch-ounces  compares  favorably  with  the  mechanical 

rcquled  to  fire  the  most  sensitive  known  electric  generator- 
primer  systems. 

During  the  stud\  of  the  effect  of  firing  pin  velocity  and  loading 

pressure  on  input  requirements,  the  primers  tested  wore  supported 

on  lead  disks.  Measurements  of  the  indentations  produced  in  the 

av  c isKs  y the  explosions  of  the  primers  yielded  data  on  primer 

outnuo  under  these  conditions.  A discussion  of  the  output  data 

loHows.  * 

Output  Characteristics 

t'**""  #»  ou,Pat'  T«.to  on  NOL  No.  Kill  mol 
Inrnwg  Mixtm,  No.  103  i„„,l«l  i,„o  Mk  102  tv,.. 

effect  on  o, „ 1, i"]  .t"e  l0a<ln'K  |,rt's8"ro  •><"  no  »i(rni(ir„n. 
T>  T , T , ‘ , st  imta  ar,;  presented  in  table  3-5. 

of  the  nrii  ( ,S;  ICaC  ftS  n Pleasure  of  the  strength 

m -ri  n - MVS  110  Significant  diffenmeo  for  the  various  londim* 
pictures  witlun  the  range  of  pressures  used. 
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Tabi.e  3-5. — Effect  of  Loading  Pressure  on  Output  of  Priming  Mixtures  Used  in 

Stab  Primers 


Priming  mixtore  chanted 


Identity 


1 Average  lead 

I^dingpres-  i disk  indenfa- 

•are  (psi)  | (jn.-h**) 


Gas  volume  and  impulse  measurements  (page  9-42).  As  stated 
earlier,  stab  primers  are  used  by  the  Navy  lor  the  purpose  of  ac- 
complishing mechanical  work.  For  that  reason,  gas  volume  and 
impulse  values  for  Primer  Mk  102  Mod  0 are  of  interest.  The 
following  values  were  obtained  with  Test  Set  Mk  175  described  on 
page  9-42. 


Primer  Mk  102  Mod  0 


Inches  of 
mercury 


Ons  volume. 
Impulse 


The  value  shown  for  impulse  is  the  peak  height  to  which  an  ex- 
plosion of  the  primer  forces  a column  of  mercury.  The  gas  volume 
value  is  the  height  at  which  the  mercury  comes  to  rest  after  the 
explosion  gases  cool.  The  gas  volume  value  corresponds  to  the 
evolution  of  10.48  cc  of  gas,  a value  which  is  in  close  agreement  with 
the  calculated  theoretical  amount  of  10.15  cc. 

Effect  of  input  on  output.  The  effect  of  input  on  the  output  of 
Primer  Mk  102  was  studied  by  dropping  a two-ounce  ball  on  standard 
issue  primers  from  five  different  heights  and  determining  the  indenta- 
tion, resulting  from  the  explosion  of  the  primer,  in  the  supporting 
lead  disk.  Fifty  primers  were  fired  from  each  height.  The  results 
arc  as  follows: 


r 

1 Height  of  drop 
j (Inches) 

Average  depth  of 
Indentation 
(inches) 
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0. 0.171 
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The  test  results  show  no  significant.  difK-vance  in  the  output  t.i  , he 
primers  iniliatod  by  the  ball  falling  from  various  heights. 

Section  2:  Percusibn  Primers 
General  Performance  Characteristics 

. "X 

A percussion  primer  is  an  initiating  element  containing  an  impaeu 
sensitive  explosive  charge  arranged  so  that  it  will  function  when 
struck  by  a firing  pin.  Such  primers  are  usually  designed  to  fire  when 
the  firing  pin  dents  the  metal  primer  case.  This  type  of  primer  is 
particularly  suitable  for  use  with  sealed  (obturated)  delay  elements, 
since  initiation  may  be  effected  without  breaking  uve  seal. 

The  firing  pin  rosy  be  driven  by  mechanical  forces  resulting  from 
gas  pressure,  spring  action,  inertia,  or  direct  impact.  Although  the 
use  of  the  percussion  primer  has  the  advantage  of  reliability  and 
simplicity  that  is  often  possible  with  mechanical  arrangements,  it  has 
the  limitation  of  requiring  initiating  energies  that  are  relatively  high 
when  compared  to  those  necessary  for  stab  primers  and  detonators. 

The  output  oi  a percussion  primer  is  normally  a flash  or  spit  having 
low  brisance.  This  characteristic  makes  percussion  primers  suitable 
for  initiating  delay  columns,  since  the  disrupting  tendency  is  small, 
but  unsuitable  for  initiating  high  explosives.  Percussion  primers  may 
be  used  for  initiating  black  powder,  in  a black  powder  delay;  pri- 
mary explosives,  as  in  a flash  detonator;  or  pyrotechnic  igniters,  as 
in  a gasless  delay. 

Applications.  The  Navy  fuze  Primer  Mk  101,  shown  in  figure  3-5, 
is  used  in  base  detonating  Fuzes  Mk  19,  Mk  20,  Mk  21,  Mk  28,  Mk 
31,  Mk  36,  Mk  48,  Mk  162  Med  0,  Mk  164  Mod  0,  and  Mk  165 
Mod  0.  This  primer  is  initiated  by  a firing  pin  that  may  bo  driven 
by  gas  pressure,  spring  action,  or  inertia.  The  junction  of  this  primer 
is  to  ignite  a black  powder  delay  pellet  or  to  cause  initiation  of  ii 
detonator. 

The  Navy  percussion  fuze  Primer  Mk  105,  shown  in  figure  3-6,  if* 
used  in  Fuzes  Mk  228  Mod  0,  Mk  243  Mod  0,  and  Mk  244  Mod  !. 
This  primer  is  initiated  by  a firing  pin  that  is  driven  by  inertia  or 
direct  impact.  The  function  of  the  primer  is  to  ignite  a black  powder- 
delay  pellet. 

The  Navy  percussion  fuzo  Primer  Mk  106,  shown  in  figure  3-7. 
is  used  in  Fuzes  Mk  145  Mods  0 and  1,  and  Mk  165  Mod  i.  Tin- 
primer  is  initiated  by  a firing  pin  that  is  driven  bv  inertia.  Tic 
function  of  tire  primer  is  to  ignite  a black  powder  delay  element  or  f< 
initiate  a detonator. 
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POTASSIUM  CHLORATE 
ANTIMONY  SULFIDE 


.1750%  ±0.3% 
31.25 % ±0.3% 


■PRIMER  CUP 
•SEALING  CUP 

-ANVIL 


WEIGHT  OF  CHARGE  0.02!  ± 0.002  GRAM 


Figure  3-5.  Primer  Mk  101  Mod  0, 


CUP 


ANVIL 


WASHER  {TINFOIL) 

WASHER  (BLOTTING  PAPER) 


PRIMING  MIXTURE 
PERCENTAGE  BY  WEIGHT 
FULMINATE  OF  MERCURY  3L25%  ±0.3% 
POTASSIUM  CHLORATE  37.50 % iF  3% 
ANTIMONY  SULFIDE  3 1.E 5%  iU.3% 

WEIGHT  OF  CHARGE  0.02 1 i.0.002  GRAM 


Figure  3-6.  Primer  Mk  105  Mod  0. 

A typical  Army  percussion  fuze  primer  is  Primer  M29,  shown  in 
figure  3-8.  This  primer  is  used  in  point  detonating  Fuzes  M48,  M51, 
and  Mil,  in  mechanical  time  Fuzes  M43  and  M67;  and  also  in  con- 
crete piercing  Fuze  M78.  This  primer  is  initiated  by  a firing  pin 
driven  by  spring  action  or  by  inortia.  The  function  of  the  primer  is 
to  ignito  a black  powder  delay  pollet  or  black  powder  charge. 
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sealing  cup 


PRIMING  MIXTURE 
PERCENTAGE  BY  WEIGHT 
FULMINATE  OP  MERCURY  31.25%  *0.3% 

POTASSIUM  CHLORATE  37.50%  tO.3% 

ANTIMONY  SULFIDE  3125%  *0.3% 

WEIGHT  OF  CHARGE  0.02 1 ♦ 0.002  GRAM 


Figure  3-7.  Primer  Mk  106  Mod  0. 


U-0.124  — H 
-0.007  * 


NOTE.  PRIMER  ANVIL  MAY 
PROTRUDE  0.005  INCH 
MAXIMUM 


CUP 
•ANVIL. 


FA  70 

PRIMING  MIXTURE 
PERCENTAGE  BY  WEIGHT 
LEAD  SULPOCYANATE  25% 

ANTIMONY  SULFIDE  17% 

POTASSIUM  CHLORATE  53% 

TRINITROTOLUENE  5% 

WEIGHT  OF  CHARGE 


■COVER  {FOILING  PAPER) 


MOISTEN  6 LB  BATCH  WITH  350  CC  OF 
THE  FOLLOWING  SOLUTION  : 

33.3%  GUM  TRAGACANTH  60  GMS 
6H%  ACACIA  (GUM  ARABIC!,  HO  GMS 
5.6%  GELATIN  GLUE,  10  GMS 
WATER,  D/STiLLED  3000  CC. 


0027  ±0.002  GRAM 

Figure  3-8.  Primer  M29. 

Primer  Now  No.  4 (percussion)  is  shown  in  figure  3 <1.  This  primer, 
used  m Army  bomb  Fuzes  Ml 00  and  Ml 03,  is  initiated  by  a firing  pin 
tv.at  is  driven  by  inertia  upon  impact  of  the  bomb.  The  function  of 
t >e  primer  is  to  ignite  a black  powder  dciay  peilet. 
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BODY  DISK  CUP 


ANVIL 


r 


0.223 
• 0.003 


-0.  03 


PRIMER  CHARGE 
PERCENTAGE  BY  WEIGHT 
ANTIMONY  SULFIDE  30%  t 2%. 

MERCURY  FULMINATE  35%  ± 2% 

POTASSIUM  CHLORATE  35% 

WEIGHT  OF  CHARGE  0.025  GRAM 

Figure  3-9.  New  No.  4 Primer  ( Percussion ). 

Construction 

General  characteristics.  The  percussion  primer  is,  in  general,  a 
small  explosive  element  consisting  of  a cylindrical  metal  container  or 
cup  into  which  a small  explosive  charge  is  pressed.  The  charge  is 
covered  with  a paper  or  metallic  closure  and  assembled  with  an  anvil. 

The  primer  cup,  or  body,  is  constructed  of  a metal  having  a specified 
thickness  and  hardness  such  that  when  the  bottom,  or  dome,  of  the 
primer  receives  an  impact  from  a round-end  firing  pin,  the  primer  will 
he  initiated  without  rupture  or  blow-back  at  the  point  of  indentation. 

Suitable  primary  explosives.  The  explosive  charge  for  percussion 
primers  is  usually  a mixture  consisting  of  a primary  explosive  ingredi- 
ent-together with  an  oxidizer,  a fuel,  and  in  some  cases  an  abrasive. 
Explosive  mixtures,  however,  are  being  used  that  are  made  up  of 
nonexplosive  components  that,  as  a mixture,  make  a suitable  priming 
composition.  The  more  important  priming  mixtures  now  being  used 
by  the  Annv  and  Navy  are  presented  in  tabic  2—3  (page  2—10). 

Pure  primary  explosives  have  not  been  used  alone  in  percussion 
primers  because  none  has  been  found  that  meets  both  the  input  and 
output  requirements. 
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Sealing  of  percussion  faze  primers.  Sealing  of  Primers  Mk  )j 
Mod  0 and  Mk  3 OB  Mod  0 is  part i«i!y  accomplished  by  the  use  <■ 
a metallic  sealing  cup  that  is  placed  adjacent  to  the  priming  char- 
prior  to  assembly  with  the  anvil.  One  drop  of  wax-free  sheila- 
solution  is  applied  by  allowing  it  to  flow  through  the  spit  holes  of  tin- 
anvil  after  the  assembly  of  the  primer  is  complete. 

Army  and  some  Navy  fuze  primers  arc  partially  waled  with  a 
shellac-coated  foiling  paper  that  is  placed  adjacent  to  the  priming 
charge  prior  to  assembly  with  the  anvil.  Data  on  the  relative  sealing 
effectiveness  of  a number  of  sealants  are  presented  in  reference  (IS). 

Metals  for  components.  The  components  of  Navy  percussion  fuze 

primers  containing  fulminate  priming  mixture  usually  consist  of  a 

copper  primer  cup,  a tin  sealing  cup  or  disk,  and  a tin-plated  brass 

anvil.  Cartridge  brass  is  used  hv  the  Armv  and  in  some  cases  bv  the 

* * »• 

Navy  for  their  percussion  primer  cups  and  anvils.  Gilding  metal  is 
also  used  by  the  Army  for  primer  cups. 

Recent  investigations  (refs.  (7)  and  (IS))  indicate  that  the  iife  of  a 
primer  using  a mercury  fulminate  priming  mixture  may  he  increased 
by  the  use  of  a copper  sealing  cup  to  replace  the  tin  sealing  cup. 

Effect  of  Mechanical  Details  on  Input  Characteristics 

Effect  of  firing  pin  contour.  A study  of  the  effect  of  firing  pin 
contour  on  pnmer  sensitivity  was  carried  out  by  Frankford  Arsenal, 
(ref.  (8)).  Standard  eaiiber  .30,  .45,  and  .50  percussion  primers  were 
drop  tested  using  direct  center  blows  with  pins  of  the  following  radii: 


Pin 


Ri'ilni  flitrhea)  |> 


Pin 


Radian  (lacWi 


Fl.it  (0.077  inch  dia) j Infinite  'cor-  I Ptd  cal  .<75 

j nm  ft m«  i St<i  enl  M.'.'.V.V. 

Std  cal  .45. *. | lnrtrt  !| 


o o.hm 
.ram 
.023 4 
.022.1 


It  *as  found  that  these  variations  in  firing  pin  contour  had  little 
effect  on  the  sensitivity  of  caliber  .30,  .45,  and  .50  primers. 

Tests  were  conducted  at  the  Naval  Ordnance  Laboratory  lo  de- 
termine the  effect  of  firing  pin  contour  on  the  sensitivity  of  Navy 
percussion  Primers  Mk  3 01.  The  primers  used  in  the  test  had  an 
experimcnta1  styphnate  priming  charge  and  copper  sealing  cups.  The 
modified  primers  were  reproducible  in  sensitivity  and"  output.  In  aS! 

<**amctior  of  the  shank  of  the  firing  pin  was  twice  the  radius 
wiv,  pwini-.  Tne  results  are  summarized  in  the  following  tabulation. 


BtST  AVAJLABl 


r.  UP  - 
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| Kirin*  pin 
radian 
(Inc  ben) 

50%  firing 
height 
(Inc  bin) 

Stnndnrd 
deviation 
(Inc  hen) 

Average 
relative 
energy  output 
(thermo- 
couple) 

0,030 

2.80 

0.00 

0.310 

.045 

2.  98 

. 48 

. 348 

.m 

2.  HI 

.53 

.329 

.060 

Z 79 

. iVi 

.309 

.079 

Z 36 

.30 

.284 

• The  test  results  indicated  that  the  radius  of  curvature  of  the  firing 
pin  within  the  range  tested  had  no  effect  on  the  sensitivity  of  the 
primer  and  had  very  little  if  any  effect  on  the  output  of  the  primer  as 
determined  by  thermocouple  measurements. 

Effect  of  eccentric  firing  pin  blows  on  sensitivity.  The  variation  of 
sensitivity  with  eccentricity  of  firing  pin  blow  was  studied  in  an 
investigation  conducted  at  the  Frankford  Arsenal  (ref.  (9)). 

Retaining  firing  pin  plates  were  constructed  for  the  drop  test 
machine  to  give  blows  eccentric  by  0.02  inch  and  0.04  inch.  Drop 
tests  wero  made  on  caliber  .30,  .30  carbine,  .45,  and  .50  primed 
cases,  and  on  caliber  .30  and  .50  loose  primers. 

The  following  data  on  the  caliber  .45  primed  case  are  typical  of  the 
results  obtained.  They  show  that  little  if  any  change  in  sensitivity 
occurs  with  firing  pin  blows  of  0.02  inch  eccentricity,  while  there  is  a 
decided  decrease  with  blows  of  0.04  inch  eccentricity. 


Drop 

weigac 

Eccen- 

tricity 

(inchen) 

Mean 
critical 
height 1 

(Inc  boa) 

Standard  ! 
deviation 
(Inc  heel  ] 

Drop 

weight 

Eccen- 

tricity 

(Inches) 

Mean 
critical 
height  i 
(Inches) 

Standard 

deviation 

(inches) 

4 or 

0.00 

* 

X 70 

0.50 

2 lb 

0.00 

0.  672 

0.11 

4 ul.... 

.02 

3.79 

.51 

21b 

. 02 

.648 

.12 

4 ox 

.Ot 

5. 11 

.82  j 2 !b 

.04 

.838 

. 12 

1 Approximately  JO  percent  firing. 


Effect  of  covering  between  anvil  and  charge.  Variations  in  types 
of  materials  and  designs  for  sealing  cups  and  disks  in  Navy  Primer 
Mk  101  Mod  0 have  led  to  considerable  differences  in  sensitivity. 
Some  of  the  variations  in  materials  and  designs  with  the  resultant 
sensitivities  are  listed  in  the  following  table. 


Thickness 

| Bruceton  sensitivity  (4-ox.  bail) 

Type  of  sealing  aaaembly 

of  material  ; 
(inch) 

50%  Firing 
height  (inches) 

Standard  devi- 
ation (Inches) 

0.003 

1.95 

0.41 

• 00«j 

.005 

4.04 

.56 

.005  | 

4.00 

.63 

. 005 

4. 

1.26 
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Tabic  3-H'i  shows  the  results  of  a test  of  copper  sealing  nip-, 
straight  sidewalls,  which  were  work  hardened  and  then  anneale. 
various  degrees  of  hardness.  These  copper  sealing  cups  ue., 
sembied  in  charged  Mk  10:  printer  bodies  at  i*u  pounds  dead  load 
the  sensitivity  of  the  printer  determined  by  the  Bruectou  drup-ue 


meuiOu. 


Table  3-6. — Effect  of  Seating  Cup  Uunlnm*  m>  the  .<rnnUt  it>t 


VJrfter*  harness  tlkg  «t  ) 


of  /V. 


-J 


i Ilf tier  t'.p  *rrn»4*Jvt;yi 
!l-ot  bsti- 


Range 


9fi~! !7 

; 0.2-88.2 
ea«-«a.i, 
24.3-e58.0_ 


Titing  r.--i " n t 

1 I <*'  . 


I M 
i 

5 u: 
i :-i 


ar+i3tn:> 
< Inc  Hme 


m nn-  .<ia|a  ">»'  the  hardm-ss  of  

fom,  inch  thick)  hns  no  .significant  effect  on  primer  sensitivity. 

e e ect  of  variation  in  the  thickness  of  cornier  sealing  m;s  on  t he 
ttnntmty  of  Navy  Primer  Mk  mi  is  shown  in’, hr  h.liowi,,.' mh" 

■mound  m waling  cups  were 

„iound  to  vanous  thicKiiesses,  the  cutis  were  assembled  jut-  }•«• 

charge,,  primer  imdics,  and  the  rcsulUu,  minnow  mZ 

Bruecton  sensitivity  teals.  Th.-  data  show  th*,  s.Lwitivilv 

tZ?T  l3.1,ncrcas«l  by  (l°c reusing  ,hc  thickness  of'.hr  d 

itZZZX  ^ an<‘  lhC  Primi"K  "*  "•  '«•  bottom 


Ilrucphn.n  wnfJsJvay 


Thick  ne#*  of  Rmijng  cup  bottom  Unchc-a) 


0.002 

0.003... 
O.OfM 

0.003... 


t t c.w  9_-.ll  - 

* «*  . C /UM I 


50  pcfctnl  SSjtnrtacil 

flrina  Height  drnsfk.n 

' Incite*  i tincHroi 


T. 

' I*} 


n\ 

r 


IhfSte °LfiSLPlVeIri-!'  111  nn  e,r°rt  * «»'"*■  •—.  dm-  . 

cussion  primers  gthe  '°?CLty  on  lh(-  (MU>IT,.V  required  to  initiate  per- 

primers  with  different  v/eSt0!1  ° i 1 u ,00-P«*rccnt  bring  height  of 

primer  test  machine  ” Tn^t.  1 TO|>  9 was  determined  on  a standard 
X-inch  steps  !mtiin,C5  test  the  drop  height  was  increased  in 

-o  consecutive  fires  were  oht.Hm»,l  i. 
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An  attempt  was  then  made  to  obtain  25  consecutive  fires  at  a height 
%-inc.h  lower  than  this  height.  If  this  attempt  was  successful,  the 
lower  height  was  accepted,  if  not,  the  upper  one  was  taken  as  the 
100-pcrcont  firing  height.  The  data  arc  presented  in  table  3-7  and 
in  figure  3-10. 


OS  966  PRIMING  MIXTURE  i 
(STANDARD  MK  101  MOD  0 PRIMER) 


EXPERIMENTAL  STYPHNATE 
PRIMING  MIXTURE  NO.  17 
(MODIFIED  MK  101  PRIMER) 


IMPACT  VELOCITY  (FT/SEC) 

Figure  3-70.  The  Effect  of  Impact  Velocity  on  the  Energy  Required  to 

Fire  25  Consecutive  Samples. 

Although  it  is  difficult  to  determine  actual  firing  pin  velocities  in 
this  ease,  the  data  show  that  the  energy  in  inch-ounces  required  to 
initiate  the  primer  is  considerably  less  if  the  impact  velocity  of  the 
hall  on  the  firing  pin  is  high.  This  fact  doubtless  reflects  the  effect 
vu  firing  pin-  velocity  on  the  energy  required  for  initiation. 
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Tahir  ,V7  ~E  fleet  of  Firing  Pin  Velocity  on  the  ttnergtj  Required  to  Initial 

101  Type  Percussion  l*rimert 
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It  is  concluded  that  the  situation  here  is  similar  to  that  for  stab 
primers  (page  3-7);  and  that  initiation  will  fail  to  occur  where  (1)  the 
rate  of  transfer  is  low  even  though  the  total  energy  is  large;  and  (2) 
where  the  energy  is  low,  even  though  the  rate  of  transfer  is  high. 

Effect  of  unevaluated  mechanical  details.  The  thickness  and  hard- 
ness of  the  primer  cup  in  the  area  where  it  is  struck  by  the  firing  pin 
is  important  from  the  standpoint  of  sensitivity;  however,  no  quanti- 
tative data  are  available.  Qualitatively,  it  can  be  said  that  the  harder 
and  thicker  the  cup,  the  lower  the  sensitivity.  In  designing  » per- 
cussion primer  to  obtain  maximum  sensitivity,  therefore,  one  should 
use  the  thinnest  and  softest  primer  cup  consistent  with  blowbaek-froe 
functioning.  Blowb&ek  of  a percussion  primer  occurs  when  the  explo- 
sion of  the  primer  ruptures  the  bottom  or  'dome  of  the  primer  cup  by 
blowing  through  the  indentation  made  by  the  firing  pin. 

From  the  standpoint  of  sensitivity,  the  thickness  of  the  explosive 
layer  between  the  point  of  the  anvil  and  the  primer  cup  in  the  area 
where  it  is  struck  by  the  firing  pin  is  probably  important.  Although 
no  data  are  available,  experience  indicates  that  for  maximum  sensi- 
tivity this  thickness  should  be  the  least  that  is  consistent  with  reason- 
able surety  that  ample  explosive  is  present  in  the  area  where  the  two 
pai  wj  come  together  on  firing  pin  impact. 

Anvil  movement  on  firing  pin  impact  will  decrease  the  sensitivity 
of  a percussion  primer  an  indefinite  amount.  Movement  of  the  anvil 
in  the  percussion  primer  may  be  a hazard  in  the  handling  of  the 
assembled  fuzes.  It  has  been  found  that  in  some  eases  primer;-' 
assembled  in  plummets  without  firing  pins,  when  dropped  from  » 
height  of  27  feet,  fired  due  to  anvil  movement.  The  design  should 
be  such  that  after  the  primer  is  assembled  into  a fuze  mechanism, 
little  or  no  movement  of  the  anvil  is  possible. 
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Effect  of  Loading  Pressure  on  Input  Requirements 

Two  types  of  priming  mixtures  were  loaded  into  Navy  Primers  Mk 
101  at  pressures  from  10,000  to  60,000  psi  in  10,000  psi  increments. 
The  primers  were  assembled  with  shortened  copper  sealing  cups 
(BuGrd  Drawing  893576)  and  anvils,  then  they  w^ere  subjected  to  a 
BrUceton  sensitivity  test. 

The  test-  data  given  in  table  3-8,  indicate  that  there  is  no  important 
variation  of  sensitivity  with  loading  pressure. 

Table  3-8. — Effect  of  Loading  Pressure  on  Sensitivity  of  Priming  Mixtures  Used  in 

Percussion  Primers. 


a, 


/ I 

Priming  mixture,  21  mg 

Loading  j 
pressure 
(psi) 

50  percent 
firing  height 
(inches) 

Standard  j 
deviation  1 
(inches) 

' ••  „t; 

Average  rel- 
ative  energy 

output  (tber-  ; 

moconple)  ■> 

OS  fuw  priming  mixture 

lO.uGO 

3.63 

0.  42 

0. 376  i 

20,000 

3.50 

.53 

.374 

30,000 

3.23 

.42 

.376 

40, 0C0 

3.42 

.60 

.390  i 

80,000 

3.51 

.48 

.385 

60,000 

3.79 

.37 

.376 

Experimental  styphnate  priming  mixture  No.  84 1 

i 10.000 

3.47 

.61 

.351 

20,000 

3.17 

.38 

.365 

30,000 

Z87 

.40 

.368 

40,000 

2.91 

.65 

.343 

' Composition  of  Pxperlmental  siyphnate  priming  mixture  No.  84: 

Percent 

Basic  lead  styphnale 20 

Barium  nitrate 38 

A ntlmony  sulfide 32 

Tetracene : 6 

KDX 18 

Effect  of  Amount  cf  Charge  on  Output 

The  output  of  a primer  i3  dependent  to  a large  degree  upon  the 
charge  weight.  Experiments  have  been  carried  Out  tot  tiiC  Naval 
Ordnance  Laboratory  on  Modified  Navy  Primer  Mk  101  assembled 
with  shortened  copper  sealing  cups  to  determine  the  variation  of 
thermocouple  measurements,  delay  times,  impulse,  and  gas  volume 
readings  with  increasing  charge  weight  in  the  primer.  The  results 
are  presented  in  table  3-9  and  in  figures  3-11  and  3-12.  The  data 
show  that  thermocouple,  impulse,  and  gas  volume  measurements 
increase  with  increasing  ebargo  weight,  and  that  delay  times  decrease 
with  increasing  charge  weight. 

A discussion  of  the  test  methods  used  (with  the  exception  of  the 
delay  element  test)  is  given  in  chapter  9.  A brief  description'  of 
those  methods  follows. 

Thermocouple  measurements  arc  made  by  placing  the  junction  of 
the  thermocouDle  wires  in  the  flame  of  the  primer  and  amplifying  the 
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Figure  3-7 1.  Effect  of  Charge  Weight  on  Output  Characteristics  of  Modi- 
fied Navy  Primer  Mle  101  Assembled  with  Shortened  Copper  Sealing 
Cups.  OS  8 66  Priming  Mixture. 
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Figure  3-72*  Effect  of  ChargeV^jiight  on  Output  Characteristic * of  Pfitnas 
fAU  7t)7  Assembled  with  Shortened  Copper  Sealing  Cups ♦ Experimented 
Styphnate  Priming  Mixture  No.  17. 
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Taiu.K  3-9. — Effect  of  Charge  Weight  on  Output  Characteristic*  of  Modified  Navy 
Primer  Mk  101  Assembled  with  Shortened  Copper  Sealing  Cups 


OS  860  priming  mixture. 


F.xpcrimentnl  styphnnle  priming  mixture 
No.  17.* 


Charge 

•eight 

(mg) 

Average 

relative 

energy 

oclpnt 
f thermo- 
couple) 

Delay 

time1 

(seconds) 

Gao 

impulse 

(inches) 

Residual 
gas  volume 
(Inches 
pressure) 

Jft 

0.252 

0.0168 

4.72 

0.32 

15 

.371 

.0130 

6.55 

.49 

20 

. 440 

.0108 

7.61 

.62 

25 

. 575 

.0100 

8.22 

.77 

30 

.816 

S 94 

.88 

35 

9.  5) 

1.11 

10 

.143 

2.77 

0.41 

15 

.225 

4.10 

.65 

20 

.314 

5.20 

.88 

25 

.4.56 

6.46 

1.1! 

30 

. 568 

7.84 

1.57 

35 

.601 

8.79 

1.98 

1 Horning  lime  of  n nominal  0.01  eecnrv!  hlaek  n>w«)er  delay  when  Ignited  by  the  prlnor. 
t Composition  of  cx|<erlmentnl  styphnate  priming  mixture  No.  17: 

Hasle  lend  styphnate 

Ilnrlum  nitrate 

Antimony  sulfide 

Tetrnoene 

RDX 


Percent 

20 

35 

..  20 

..  5 

20 


voltage  gonerated  with  a chopper  amplifier.  The  amplified  voltage 
is  measured  with  a peak  voltmeter.  This  voltage  is  a function  of  the 
total  thermal  energy  released  by  the  primer,  provided  the  response 
time  of  the  thermocouple  is  long  compared  to  the  duration  of  the  flame. 

Impulse  anti  gas  volume  measurements  on  percussion  primers  are 
obtained  by  firing  the  primer  in  a closed  chamber  which  is  separated 
from  a mercury  reservoir  by  a rubber  diaphragm.  The  impulse  of 
the  initiated  primer  expands  the  rubber  diaphragm  and  drives  the 
mercury  from  the  reservoir  up  a capillary  tube.  The  height  to  which 
the  mercury  is  raised  in  the  tube  is  measured  and  serves  as  an  esti- 
mation of  the  impulse. 

After  the  initial  impulse,  the  mercury  drops  in  the  tube  to  a point 
at  which  it  remains.'  This  measurement  indicates  the  residual  gas 
volume  of  the  primer.  The  impulse  is  used  as  an  indication  of  bri- 
sanee,  while  the  residual  volume  is  an  indication  of  the  amount  of 
permanent  gas  formed  by  the  functioning  of  the  primer. 

The  measurement  of  the  time  of  burning  of  the  delay  elements  of 
fuzes  is  accomplished  by  means  of  a specially  designed  apparatus  for 
holding  and  firing  the  complete  ‘:mc  train,  including  primer,  delay 
elemont,  and  detonator.  A hvot-cr  electronic  counter  or  other 
suitable  timing  device  is  used  for  recording  the  time  intervals. 

If  the  Potter  counter  is  used,  the  firing  pin  striking  the  primer  in 
the  delay  train  closes  a circuit  that  starts  the  counter.  When  the 
detonator  at  the  end  of  the  train  fires,  it  causes  a voltage  change 
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The  time  elapsing  between  the  firing  pin  sinking  the  primer  and  the 
firing  of  the  detonator  is  called  the  delay  time.  This  value  is  used  as 
a criterion  of  primer  performance  from  the  standpoint  of  igniting 
delays.  In  general,  the  more  powerful  primers  give  shorter  delay 

times. 

Effect  of  Amount  of  Initiating  Energy  on  Output 

Experiments  were  carried  out  to  determine  the  effect  of  the  amount 
of  initiating  energy  on  output  as  measured  by  thermocouple  readings. 

The  percussion  primers  tested  were  Mk  101  type  primer  cups 
assembled  with  a copper  sealing  cup  and  containing  a styphnatc 
priming  mixture. 

As  shown  in  the  following  table,  the  tests  indicate  that  there  is  no 
increase  in  output,  measured  by  thermocouple  readings,  with  an 
increase  in  initiating  energy.  These  result*  should  not  he  accepted 
as  indicative  of  the  behavior  of  percussion  priming  mixtures  in  general. 
Experience  indicates  that  priming  mixtures  containing  little  or  no 
primary  explosive  tend  to  give  low  order  functioning  when  the  initia- 
tion is  marginal. 


(Itiefe**; 
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1 Ar-raf#  of  SO  readinw. 

Effect  of  Loading  Pressure  on  Output 

Teats  carried  out  on  fulminate  and  styphnate  priming  mixtures 
Indicate  that  loading  pressure  has  no  appreciable  effect  on  output 
as  measured  by  thermocouple  readings.  This  fact  is  shown  in  table 
3-8  (page  3-19). 

Section  3. — Electric  Primers 

General  Performance  Characteristics 

The  primary  function  of  a primer  is  to  intiate  actfbn  of  the  explosi  ve 
tiain  at  the  proper  instant.  Most  frequently  this  is  at  the  moment  <>( 
impact  of  the  fuze  with  the  target;  in  the  newer  electric  typo  fuze  , 
however,  this  need  not  be  the  case,  as  firing  may  occur  without  impart 
Electric  primers  are  fired  by  an  electrical  pulse  suppl»  d by  tl;  • 
fuze  in  which  the  primer  is  used.  The  energy  is  either  stored  withi 
the  fuze  before  release  of  the  fuze-bearing  missile,  or  generated  withi 
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the  fuze  system  just  prior  to  or  at  impact  of  the  fuze. 

An  electric  primer  expends  itself  in  effecting  ignition  of  the  next 
component  of  the  train,  which  is  normally  a detonator  or  a delay. 

Advantages.  The  advantages  electric  primers  possess  over  either 
the  stab  or  percussion  varieties  are  inherent  because  electrical  energy 
is  so  readily  generated,  stored,  amplified,  and  switched. 

On  comparing  the  energy  necessary  to  fire  an  electric  primer  with 
that  required  for  the  stab  or  percussion  type,  one  finds  a decided 
advantage  in  favor  of  the  electric  primer.  Consistent  firing  at  energy 
inputs  of  100  ergs  or  less  is  easily  obtainable.  On  the  other  hand, 
the  most  sensitive  mechanical  primers  require  about  50,000  ergs  for 
firing.  Development  of  one  proximity  fuze  was  feasible  because 
weak  electrical  signals  could  be  easily  amplified  and  because  the 
low-energy  characteristic  of  certain  electric  primers  could  be  utilized. 

Electric  fuzes  may  incorporate  features  of  selectivity  or  discrimi- 
nation. In  many  fuzes  utilizing  delay  action,  it  is  often  found  desir- 
able cither  to  preselect  one  of  a scries  of  desired  delays  or  to  have  the 
fuze  itself  select  one  particular  delay  from  a set  series,  depending  on 
the  type  of  target  it  strikes.  There  may,  for  example,  be  one  delay 
for  water  impact  and  a different  delay  for  metallic  impact.  By 
proper  design  of  the  electric  firing  circuits,  the  use  of  low-energy 
primers,  and  the  use  of  a magnetic  generator  or  a properly  charged 
storage  condenser,  the  feature  of  selectivity  or  discrimination  may  be 
obtained. 

Another  important  advantage  of  the  electric  primer  is  that,  because 
of  the  high  speed  of  transmission  of  an  electric  signal,  primer  action 
may  be  made  practically  simultaneous  with  some  remote  event. 
For  instance,  it  may  be  desirable  to  start  action  of  the  fuze  train  at 
the  moment  of  nose  impact  but  at  the  rear  of  the  fuze,  or  to  transmit 
the  action  to  the  rear  of  the  main  charge  instantaneously.  These 
accomplishments  offer  no  serious  problem  in  electrical  fuzing  but 
would  be  quite  complicated  in  mechanical  designs. 

In  some  respects,  the  electric  primer  has  a safety  advantage  over 
the  stab  or  percussion  type.  It  is  evident  that  the  latter  types  must 
have  some  portion  which  is  sensitive  to  a blow*  or  a prick,  such  as 
may  occur  in  handling.  On  the  other  hand,  the  electric  primer  can 
he  made  insensitive  from  this  standpoint  and  at  the  same  time  can 
ho  adequately  protected  from  any  stray  electric  currents. 

Some  other  advantages  claimed  for  electric  primers  are:  easier 
laboratory  evaluation  of  their  firing  characteristics,  more  adapta- 
bility to  hermetic  sealing,  and  use  in  fuzes  with  time-interval  arming 
rather  than  air-travel  arming. 
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limitations  and  disadvantages.  Although  » number  of 
tages  are  to  be  gained  by  the  use  of  electric  primers  for  aerial  j > • j r- 
poses,  their  use  entails  certain  inherent  disadvantage*.  \V^,r(. 
primer  is  to  l>e  used  and  an  eleetrie  primer  is  not  essentinl,  mind,  , !in 
be  gained  in  simplicity  of  construe  lion,  ease  of  manufacture,  and 
reliability  by  the  use  of  a percussion  or  stall  primer. 

It  is  obvious  that  fuzi*?  employing  electric  primers  must  outv 
along  either  a source  of  stored  energy  or  a generator  to  supply  the 
energy  necessary  for  firing.  Besides  the  energy  ifiv  i\ Y/i* 

must  carry  suitable  electrical  circuits  for  obtaining  the  seleetivitv, 
discrimination,  or  proximity  action  that  is  usually  the  ultimate  goal. 
Electrical  fussing  system?  are  relatively  new.  however,  am!  advances 
are  being  made  so  rapidly  that,  it  appears  that  the  complexity  and 
space  requirements  of  these  components  will  eventually  be  less  than 
those  of  equivalent  mechanical  fuzes. 

Most  of  the  electric  fuze  primers  in  current  use  employ  a bridge 
wire  to  heat  a surrounding  primary  explosive.  These  primers  require 
only  a low  energy  input  to  effect  ignition  (HHM.iSOO  ergs).  The 
problems  attending  the  preparation  of  the  very  fine  wire  required 
to  obtain  such  energy  characteristics,  the  incorporation  of  this  wire 
into  the  electrical  circuit,  and  the  wire  isfe  span  are  usually  acute, 
and  special  techniques  are  required  to  obtain  the  desired  results. 
Herein  lie  the  chief  disadvantages  of  electric,  primers,  but  there  is 
good  reason  to  believe  that  these  disadvantages  will  disappear  as 
more  experience  is  gained  in  the  field. 

Construction 


General  characteristics.  The  instantaneous  electric  primer  is  lies! 

considered  as  consisting  of  an  ignition  element  ami  a base  charge 

assem  ed  to  form  a single  unit.  The  ignition  element  consists 

of  the  wire  leads  or  contacts  molded  into  a plug,  the  bridge  fastened 

to  these  contacts,  and  a moans  of  surrounding  this  bridge  with  a 

suita  e sensitive  explosive.  The  base  charge  in  an  electric  primer 

usually  consists  of  a quantity  of  sensitive  explosive  which  is  pressed 

into  a cup  and  is  capable  of  being  initiated  by  the  flash  from  the  igni- 

ion  e ement.  The  combined  output  of  the  ignition  element  and 

he  base  charge  must  be  sufficient  to  initiate  the  next  element  in  the 
fuze  tram. 

Suitable  primary  explosives.  There  are  a number  of  primary 
exp  osiyes  t lat  have  a sensitivity  suitable  for  use  in  the  ignition 
cements  of  electric  primers;  data  on  these  may  be  found  in  chapter 

r !n!f,.2.rf|v-ii0?TVOr-  *jl°  rioHv}?  primer  at  present  finds  onh 
uno  j.i  fuzes.  and  for  this  reason  only  two  composition? 
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or  variants  of  these  are  now  being  used.  It  is  possible  that  neither  of 
these  may  be  entirely  satisfactory  from  the  stand-points  of  surveillance 
and  sensitivity.  These  two  compositions  are:  XC-9  (consisting 
of  75  percent  DDNP  with  25  percent.  KCIOj  ground  in  a 2.4  percent 
solution  of  nitrostarch  in  butyl  acetate)  and  normal  lead  styphnate. 
There  is  some  evidence  that.  XC-9  composition  does  not  have  suitable 
surveillance  characteristics  where  moisture  may  enter.  The  surveil- 
lance characteristics  of  lead  styphnate  seem  to  be  highly  acceptable. 

For  the  base  charge,  Primers  Mk  112,  113,  114,  and  121  use 
DDNP/KClOj,  75/25.  Some  experimental  electric  primers  use  a 
lead  azide  base  charge. 

Metals  for  components.  Metals  for  components  of  electric  primers 
are  chosen  to  give  compatability  with  the  explosives  used.  In 
present  primers,  these  metals  have  consisted  entirely  of  stainless 
steely  copper,  aluminum,  or  tin.  In  Primers  Mk  112,  113,  114,  and 
121,  only  copper  is  in  contact  with  the  XC-9  or  lead  styphnate 
unless  one  wishes  to  consider  the  tophet-C  bridge  wire,  the  solder 
composition,  and  the  tin  coating  on  the  leads.  There  is  some  evidence 
that  copper,  which  has  been  used  extensively  with  XC-9  composition, 
is  not  compatible  with  it  in  the  presence  of  moisture,  In  primers 
that  use  lead  azide,  either  aluminum  or  stainless  steel  is  generally 
used  in  order  to  avoid  formation  of  “supersensitive”  azide  salts. 


Examples 

Ignition  element  of  the  experimental  spray  metal  type  primer. 
In  many  of  the  newer  fuzes  employing  electric  primers,  need  has 
arisen  for  primers  capable  of  being  actuated  by  an  extremely  small 
energy  input.  To  meet  this  requirement  with  the  metal  bridge  wire 
system  commonly  employed  in  the  electric  primer,  it  has  been  neces- 
sary to  employ  bridge  wires  of  small  diameters  and  lengths  in  order 
that  the  small  quantity  of  energy  delivered  to  the  bridge  will  be 
sufficient  to  heat  it  to  the  temperature  necessary  to  initiate  the  sur- 
rounding explosive.  For  a 100-erg  primer  using  tungsten  wire,  the 
diameter  maj7  be  as  small  as  87  microinches  or  less  with  lengths  in  the 
order  oi  15  thousandths  of  an  inch.  Special  techniques  have  been 
found  necessary  to  prepare  wire  of  this  diameter  and  to  secure  it  both 
mechanically  and  electrically  to  the  primer  leads  or  contacts  (ref. 
(10)).  An  experimental  primer,  designated  spray  metal  typo,  in  which 
those  techniques  have  been  employed,  has  been  developcci.  figure 
3—13  is  a general  arrangement  drawing  of  this  tjpo  Oi  primer. 

The  term  “sprav  metal  J refers  to  a special  method  of  attaching 
the  fine  wire,  which  was  originated  by  the.  Naval  Ordnance  laboratory. 
A stream  «.,f  atomized  molten  metal  is  directed  toward  the  wire  at  the 
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Figvrt  J -n,  Expurimtnfal  Spray  Mzial  Eltcfric  Prim*r. 

zr/iTz*  txs™  aet" 
err* 

pressed  in  the  charge  cavity.  ^ ' nd  the  flafih  chftrg* 

Jnrsrzr;'  r1  of  zt  mMed  ^ * *— ■ 

plug  are  shown  in  NOL  Sketch™  “d  UT10 

SMlSSfi &tD0™Pr0Pe,?  or 

two  contacTte^r  il™  ^'  ‘he  pr0n*  °nd  “ cut  <*  *•«* 
plug  surface  is  roughened  in  order  fh^A™8  0,)<!ration>  the  phenolic 
it  more  readily.  The  brifW  wi  • Stu  Spray  meta^  adhere  to 
holder  is  forced  down  on  fL  l 6 JS  *^en  ^^^ed,  and  the  charge 
washer  nZZfTiZl^  I”,  Th°  cha^  hold-  " 
NOL  Sketches  12-^8  If,™  mct*i  •«  shown  in 

tached,  the  cavity  iToa“ed  wkhLim™  " £**«?  ho,fc  is  •*- 
pressed  at  3 400  T . milligrams  of  dry  lead  styphnatc 

NOL  Sketch  30338T  P lng  toe  igniUoE  dcJncafc  « ^ in 

primer,  the  baee^igeds^o^d  PRm8r’  ■For  thc  instantaneous 
L NOL  Sketch  125389  T ^ ° & fAlnI<?8s  stecl  body  as  shown 

of  dry  lead  azide  pressed  int/wh  ** 1 performed  using  100  milligrams 
65,000  psi.  9 Wlt0  the  0'1250  *ch  diameter  hole  under 

Md  "**4  -0  • •wrablcd  t„ 

The  ignition  element  irat  ™fi?  gUrC3'13  8,1,1  N0L  Sk«tcn  303384 

Ht  element » a force  fit  m one  end  of  the  body  and  the  soalinr 

3-26 


CONFIDENTIAL  | 


Hfli 


commit  eery 


MIliBlllliHilH 


CONFIDENTIAL 

SECURITY  INFORMATION 


CHARACTERISTICS 
OF  PRIMERS 


ctip,  a force  fit  on  the  other  end.  This  arrangement  effectively  seals 
the  unit. 

Electric  Fuze  Primer  Hk  112  Hod  0.  The  generaT  arrangement  of 
this  primer  is  shown  in  figure  3-14.  The  ignition  subassembly  con- 
sists of  a primer  plug,  a bridge  wire  attached  by  soldering,  a flash 
charge  holder,  and  a flash  charge. 

The  primer  plug  is  of  general  phenolic  molding  compound.  It 
has  molded  within  its  structure  two  insulated  lead  wires.  The  plug 
is  shown  in  BuOrd  drawing  398506.  After  the  leads  projecting 
beyond  the  plug  nose  are  cut  to  proper  length,  the  bridge  wire,  which' 
is  0.0005  inch  diameter  tophet-C.  is  soldered  to  the  terminals.  The 
fiber  charge  holder,  a force  fit  on  the  nose  of  the  plug,  is  attached  and 
the  flash  charge,  XC-9,  is  buttered  into  the  charge  holder  and  around 
the  wire.  The  butiered  material  is  allowed  to  dry.  Its  weight  is 
approximately  60  milligrams.  The  completed  ignition  subassembly 
is  shown  in  BuOrd  drawing  398556. 

Approximately  60  milligrams  of  bass  charge  ,(75  percent  DDNP, 
25  percent  KC103)  is  weighed  into  the  copper  cup  shown  in  BuOrd 
drawing  398558.  The  ignition  assembly  is  then  forced  into  the 
cup  and  down  on  the  base  charge,  compressing  it  to  the  proper  length. 
After  the  cup  is  crimped  on  the  ignition  element,  the  final  arrange- 
ment is  as  shown  in  figure  3-14  and  BuOrd  drawing  398490. 

Carbon-bridge  tyDe  primer.  The  general  arrangement  of  the 
electric  fuze  Primer  Mk  121  is  shown  in  figure  3—15.  The  ignition 
subassembly  closely  resembles  that  of  Primer  Mk  112,  the  major 
difference  being  the  replacement  of  the  bridge  wire  by  the  conductive 
carbon  path. 
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Figure  3-14.  Electric  Fuze  Frimer  Mk  112  Mod  0. 
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The  primer  plug  is  composed  of  general  phenolic  molding  . .„n„ 
pound.  It  has  molded  within  its  structure  two  copper  wire 
one  or  both  of  which  may  he  insulated  with  a coating  of  suimblo 
plastic  insulation,  such  as  polyvinyl  acetate.  These  wires  are  twisted 
together  with  a helical  twist  of  eleven  360°  turns  per  inch. 

After  molding,  the  nose  of  the  plug  is  ground  to  length  with  emery 
cloth,  and  the  plug  is  heated  for  two  min  dies  by  ! n infra-red  lamp. 
The  plug  is  then  polished  under  a microscope,  using  crocus  grade 
abrasive,  to  remove  any  copper  burrs.  ‘The  surface  is  then  cleaned 
by  wiping  with  alcohol. 
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Figure  3-15.  Eke  trie  Fuze  Primer  Mk  121. 

The  bridging  of  the  gap  caused  by  the  insulation  on  the  lend  wire 

°*\ Ulres.  18?  accomplished  by  applying  a “dag”  (usually  aquadag) 

wi  a wire  ioop,  keeping  the  coated  area  as  small  ns  possible  con- 

sis  en  wit  e good  bridge,  ana  then  drying  rather  rnnidlv  under  an 
mira-red  lamp.  ' " * ' - 

The  charge  holder  is  then  put  on;  and  the  ignition  charge,  consisting 
o a ou  .0015  gram  of  a mixture  of  ground  lead  stvphnate  and  cion" 
lacquer,  is  applied  over  the  bridge  with  a wire  loop.  This  is  then 

fia?h  chwrS°-  of  the  same  composition  as  the  ignitio, 
charge,  is  buttered  m and  the  assembly  dried. 

wiThf,  b,af  <J8r^e  (loading,  materials,  and  assembly)  is  identic.-! 

H th  fchftt  for  Pnmcr  Mk  1 1 2 previously  described . 
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Effect  of  Bridge  Dimensions  on  Input  Characteristics  of  Bridge- 
Wire  Type  Primer 

A detailed  discussion  of  the  firing  characteristics  of  electric  primers, 
with  particular  emphasis  on  those  made  by  the  spray  metal  process, 
may  be  found  in  reference  (15). 

The  dimensions  of  the  bridge  have  an  important  effect  on  input 
characteristics,  since  they  affect  the  energy  required  to  raise  the 
temperature  of  the,  bridge,  the  rate  of  heat  loss  from  the  bridge  wire, 
arid  the  resistance  of  the  bridge.  The  relationships  between  wire 
diameter  and  resistance  per  unit  length  for  two  common  bridge 
materials,  tungsten  and  tophet-C,  are  shown  in  figures  3-16  and 
3-17,  respectively.  A comprehensive  discussion  of  bridge  wire 
temperatures  resulting  from  the  conduction  of  electricity  may  be 
found  in  reference  (14). 

Effect  of  wire  volume.  In  igniting  an  electric  primer  of  the  bridge- 
wire  variety,  a quantity  of  electrical  energy  is  passed  through  the 
bridge  wire,  where,  due  to  the  resistance  of  the  bridge,  it  is  converted 
to  heat.  If  the  temperature  required  for  initiation  of  the  primary 
explosive  surrounding  the  bridge  is  attained  by  the  bridge,  the  primer 
will  bo  initiated.  It  is  apparent  that  some  of  the  factors  determining 
what  input  is  required  to  fire  an  electric  primer  are  the  mass  of  the 
wire,  its  specific  heat,  arid  the  explosion  temperature  of  the  primary 
explosive  surrounding  the  bridge.  Since  the  wire  mass  is  propor- 
tional to  the  volume,  it  follows  that  (for  an  explosive  having  0 giveri 
explosion  temperature  coupled  with  a given  wire  material)  the  energy 
required  for  firing  should  be  proportional  to  the  wore  volume.  Experi- 
mental data  plotted  for  tungsten  wire  with  lead  styphnate  and  for 
tophet-C  wire  with  lead  siyplmatc  in  spray  metal  type  primers  are 
shown  in  figures  3- IS  and  3-19.  These  graphs  give  fairly  good 
straight  lines  over  the  region  shown. 

For  design  purposes,  it-  is  perfectly  feasible  to  use  such  a graph 
(with  certain  reservations),  as  usually  only  an  approximate  value  is 
required;  a certain  amount  of  cut-and-try  procedure  is  necessary 
m anv  event  to  bring  the  desired  input,  into  too  exact  range  desired. 
From  the  foregoing  discussion,  one  may  bo  lea  to  the  conclusion 
that  other  things  being  equal,  the  use  of  a bridge  material  of  low 
specific  beat  would  permit  firing  with  much  lower  energy  inputs  man 


would  bo  required  with  bridge  materials  of  high  specific  heat.  This  is 
not  true,  however,  because  the  volumetric  heat  capacities  of  metallic 
substances  do  not  differ  much,  from  each  other;  the  ratio  of  the 
highest  to  the  lowest  being  only  of  the  order  of  2 to  1.  This  fact  is 
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The  heat  was  calculated  by  integrating  the  specific  heat  equation  of 
form  C=A-fBT  for  each  element  shown  through  a 1000  degree  C 
interval.  Crystal  transitions  which  may  occur  in  the  useful  range  of 
0-1000  degrees  C were  ignored,  since  the  time  of  functioning  for  the 
electric  fuze  primers  to  be  considered  is  normally  so  short  that  it  is 
unlikely  that  these  transitions  will  have  time  to  occur. 

The  basic  factors  affecting  the  choice  of  wire  material  may  usually 
be  reduced  to  the  following: 

(a)  adequate  strength 

(b)  proper  resistance 

(e)  suitable  surveillance  characteristics 

(d)  melting  point  higher  than  the  temperature  to  which  the  ex- 
plosive must  be  heated  to  effect  ignition  in  the  desired  time. 

Effect  of  wire  diameter.  There  are  several  reasons  why  the  curves 
shown  in  figures  3-18  and  3-19  should  not  be  true  straight  lines.  The 
largest  single  reason  is  that  wires  of  different  diameter  need  not  attain 
the  same  temperature  to  effect  ignition  of  the  surrounding  explosive. 
As  the  wire  diameter  increases,  the  required  temperature,  in  general, 
will  diminish.  This  effect  is  not  the  same  for  alj  explosives,  but  is 
rather  dependent  on  their  activation  energies. 

The  effect  of  wire  diameter  is  shown  in  figure  3-20,  where  the  energy 
is  plotted  as  a function  of  the  wire  diameter  for  several  different 
primary  explosives.  It  will  be  noted  that,  in  general,  the  energy 
required  does  not  fall  on  a line  parallel  to  the  isotherms.  As  the 
diameter  increases,  the  temperature  required  for  ignition,  and  thus 
the  energy  for  a given  wire  volume,  decreases. 

Effect  of  wire  length.  4 second  factor  which  tends  to  make  the 
volume  vs.  energy  plot  diverge  from  a straight  line  is  the  greater  per- 
cent of  heat  conducted  a way  fr-m  the  shorter  bridge  wire  at  the 
points  of  contact  with  the  spray  meiai  or  wire  leads.  For  example,  if 
one  uses  a wire  of  given  diameter  and  measures  the  energy  requirement 
for  several  different  bridge  lengths,  it  will  be  found  that  the  longer 
wires  require  less  than  proportionate  amounts  of  energy,  Doubling 
the  length  of  bridge  does  not  double  the  required  energy.  There  is  a 
certain  quantity  of  heat  lost  by  the  wire  to  the  metal  surrounding  it 
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st  its  ends.  As  the length  of  wire  is  increased,  less  ener«v  per  unit, 
length  will  be  required  to  heat  it  to  a given  temperature  as  the  los^  of 
energ^.at  the  wire  ends  becomes  a smaller  fraction  of  the  total  energy 
input.  Table  3-11  presents  an  example  of  this  fact  as  applied  m 
spray  metal  type  primers. 

Tabce  3-11. — Effect  of  Wire  length  »n  Input  Chararitrt*!icz  in  SfiMy  SI  tint  Type 
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Effect  of  Rote  of  Energy  ingsvt  in  Bridge-Wire  Primer 

Condenser  discharge  circuits.  Since  the  present  mechanics  for  ef- 
fecting ignition  of  electric  wire  type  primers  is  that  of  raising  a mass 
of  wire  to  the  explosion  temperature  of  a surrounding  explosive,  it 
follows  that  any  factor  affecting  the  final  wire  temperature  will  also 
affect  the  explosion  probability.  The  effect  of  wire  diameter  and 
wire  length  have  already  been  discussed.  There  is  another  factor  of 
great  importance  that  must  he  reckoned  with,  that  of  the  rate  of 
energy  input. 

All  the  energy  relationships  given  above  are  based  or  condenser 
discharge  type  circuits,  wherein  a condenser  is  eharged  to  a given 
potential  and  then  discharged  through  the  resistance  of  the  bridge. 
In  such  a circuit,  roughly  86  percent  of  the  energy'  is  put  through  the 
resistance  in  a time  given  by  RC,  the  product  of  resistance  and  capaci- 
tance. This  type  of  circuit,  or  its  equivalent,  is  the  one  primarily  used 
in  firing  electric  fuze  primers.  If  RC  is  kept  very  short  compared 
with  the  cooling  time  of  the  bridge  system  it  will  have  little  if  any 
effect  on  the  required  energy,  but  when  the  RC  time  becomes  pro- 
gressively longer  it  finally  reaches  a point  where  the  bridge  wire  has 
time  to  cool  appreciably  and  the  firing  energy  characteristic  is  altered. 
As  the  RC  time  is  made  still  longer,  the  required  energy  for  firing  in- 
creases very  rapidly.  ........ 

For  a given  primer,  os  the  firing  potential  is  increased  and  the 
| capacitance  d&Ueased,  l£ss  energy  will  be  required  down  to  some  con- 
| stant  minimum  value;  as  the  potential  is  decreased  and  the  capacitance 
s increased,  more  and  more  energy  will  be  required  for  firing;  eventually, 
| a point  will  be  preached  where  the  required  firing  potential  is  the  same, 
| no  matter  howffarge  the  condenser.  This  point  should  correspond  to 
;|  the  minimum  potential  for  direct  firing,  as  from  a battery. 
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With  increasing  wire  diameters,  this  relationship  is  of  less  practical 
importance  because  the  cooling  times  become  long  compared  to  the 
pulse  times  ordinarily  used.  This  relationship  is  shown  in  figures 
3-2!  and  3—22,  which  arc  based  on  the  same  experimental  results. 
Figure  3-23  gives  additional  data  on  the  effect  of  time  of  energy  input 
on  required  energy  for  50  percent  firing.  The  estimated  hot  RC  curve 
is  obtained  from  the  observation  that  the  average  resistance  during 
firing  of  the  low  energy  primer  utilizing  a tungsten  bridge  wire  is 
approximately  3.5  times  that  of  the  measured  cold  resistance.  This 
increase  of  resistance  depends,  of  course,  on  the  bridge  material, 
being  fairly  large  for  tungsten,  which  exhibits  a large  temperature 
coefficient  of  resistivity,  but  small  for  tophet-C,  which  has  a small 
temperature  coefficient.  In  evaluating  some  primer  characteristics, 
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Figure  3-21.  Capacitance  Required  for  50  Percent  Firing  vs.  Potential 
for  Electric  Initiators  vrith  Tungsten  Wire  of  Various  Diameters.  Flash 
Charge,  Lead  Styphnate. 
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Figure  3-23 « Effect  of  Time  of  Energy  Input  on  Required  Energy  for  SO 
Percent  Firing.  Tungsten  Wire  with  Lead  Styphnate. 

particularly  where  different  bridge  materials  are  used,  it  is  often 
expedient  to  keep  this  relationship  in  mind. 

Figure  3-24  is  based  on  the  same,  experimental  data  as  figure  3-23. 
but  the  former  is  plotted  to  show  that,  as  the  RC  time  is  made  longer 
by  increasing  the  capacitance  at  constant  resistance,  the  required 
voltage  for  firing  approaches  a constant  minimum  value,  in  i<*  ' 
instance,  the  minimum  firing  voltage  appears  to  be  between  1.0  and 
1.3  volts. 
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Inductive  firing  circuits.  By  adding  a large  enough  inductance 
to  the  condenser  discharge  type  circuit,  the  rale  of  energy  input 
becomes  independent  of  the  capacitance  nnd  is  governed  by  the  factor 
2L/R.  It  is  possible  to  show  by  the  use  of  such  nu  inductive  circuit 
that  the  considerations  given  in  the  previous  section  are  valid  and 
that  the  energy  required  for  firing  is  truly  a function  of  the  rate 
of  energy  input. 

This  relationship  is  shown  in  figure  3-26,  on  which  is  plotted  the 
ratio  of  the  mean  energy  r<*quired  for  firing  to  the  minimum  mean 
energy  requirement  at  very  short  input  times  vs.  the  input  lime  for 
both  inductive  controlling  ami  capacitive  controlling  circuits.  It  will 
be  noted  that  the  points  for  loth  types  fall  on  the  same  curve,  showing 
that  the  governing  factor  is  the  rate  of  energy  input,  not  the  individual 
circuit  characteristics. 

Constant  current  firing  circuits.  Complete  data  relating  the  con- 
stant current  required  to  fire  a primer  to  wire  diameter,  wire  k*ngth, 
or  explosive  material  have  not  as  yet  been  gathered.  In  fact,  the 
information  is  rather  lean,  and  more  work  in  this  field  is  required. 
Figures  3-27,  3-28,  and  3-29  show  the  effect  of  firing  current  on  per- 
cent of  primers  firing  for  two  types  of  spray-metal  primers  and  for 
Primer  Mk  112,  respectively.  In  these,  tests,  the  constant  current 
was  stariy-1  through  a short  directly  across  the  primer  bridge.  Then, 
without  interrupting  the  current  Sow,  the  short  was  removed  anti  the 
current  allowed  to  flow  through  the  primer  bridge  for  a period  of  at 
least  10  seconds  if  firing  did  not  occur  before  this  period.  In  many 
cases  the  current  was  allowed  to  flow  longer,  but  if  firing  did  not  occur 
in  lO  seconds  or  less,  *.t  did  not  occur  at  all  even  up  to  times  of  1 minute 
in  some  instances. 
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Figure  3-28.  Percent  of  Primers  Firing  vs.  Current  Input.  0.0004  Inch 
Diameter  Tophet-C  Wire  With  Lead  Styphnafe. 

The  reason  for  stalling  the  current  through  an  auxiliary  short  is 
to  eliminate  inductive  surges  during  the  current  starting  period. 
It  was  found  that  these  surges  could  give  completely  erroneous 
results  if  allowed  to  pass  through  the  primer  bridge.  Some  data 
have  been  obtained  that  show  the  effect  of  wire  diameter  and  wire 
length  on  the  required  constant  firing  current  necessary  for  spray 
metal  primers  with  tungsten  wire  bridges  and  lead  styphnate  flash 
charges.  The  data  are  summarized  in  the  form  of  the  graph  shown 
in  figure  3-30. 

This  illustration  shows  that  for  tungsten  wire  with  lead  styphnate 
in  the  range  tested,  the  constant  current  requirement  at  a fixed  bridge 
length  is  proportional  to  the  3/2  power  of  the  wire  diameter.  The 
displacement  of  the  curves  with  change  in  wire  length  is  explained 
on  the  basis  of  end  effects,  since  the  necessary  constant  current  for 
firing,  if  end  effect  were  not  present,  should  be  independent  of  wire 
length.  This  is  true  because  by  passing  a fixed  current  through  a 
wire  of  fixed  resistance  per  unit  length,  the  heating  effect  (or  I2R 
factor)  per  unit  length  is  independent  of  the  wire  length.  However, 
'he  heat  dissipated  by  conduction  through  the  wire  ends  is  pro- 
portionately greater  for  the  shorter  wires.  The  ratio  of  the  useful 
Peat  lost  to  the  explosive  to  the  heat  lost  through  the  wire  ends  is 
approximately  proportional  to  the  ratio  1/d,  die  wire  length  to  the 
nr  diameter. 
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Figure  3-30.  Variation  of  Firing  Current  with  Wire  Diameter.  Spray 
Metai  Primers  Using  Tungsten  Wire  with  Lead  Styphnate  Flash  Charge . 

Effect  of  Different  Explosives  in  Bridge-Wire  Type  Printer 

As  different  primary  explosives  require  different  temperatures  for 
ignition,  it  follows  that  different  explosives  will,  with  the  same  bridge 
system,  require  different  firing  energies.  This  fact  is'  shown  to  some 
extent  in  figure  3-20,  page  3-35.  More  data  are  given  in  table  3-12. 

Tabi.b  3-12. — tiffed  of  Different  Explosives  on  Firing  Energy  in  Bndge-Wtre  Type 
Eteri  nr  Primers.  Tungsten  Wire  0.030  Inch  Long  at  14-B0  Volts 
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Effect  of  Loading  Pressure  in  Bridge-Wire  Type  primer 

This  variable  has  been  evaluated  for  lead  styphnaie  with  tun  -ro" 
wire  of  250-300  ohms/meh.  0.030  inch  long,  at  14-20  volts.  The 
results  are  shown  in  figure  3~3 1. 
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Figure  3-31.  Effect  of  Loading  Pressure  on  the  Energy  Required  to  Fire 

Spray  Metal  Primers. 

Characteristics  for  Bridge-Wire  Type  Primer 

. If. a number  of  the. foregoing  factors  are  known,  it  is  possible  to 
estimate  within  about  20  percent  what  diameter  and  length  of  a given 
type  wire  with  a given  explosive  is  necessary  to  yield  a primer  of 
Mir  mean  energy  and  resistance,  the  two  most  important  factors 
winch  are  ordinarily  desired  by  the  fuze  designer. 

3~33’  and  3~34’  'vrhich  arc  derived  from  figures  3-16, 

, . ’ . ’ 3~*®'  raay  osori  to  illustrate  how  a preliminary 

design  is  obtained.  It  is  important  first  of  all  that  the  plots  be  deter- 
mined in  the  desired  RC  or  discharge  time,  range.  For  a given  RC 
rang\.,  enough  experimental  data  are  cbtr  ned  to  plot  a curve  as  in 
ngures  o-18  or  3-19,  and  from  this  plot  a curve  such  as  that  shown 
m ligure  3-32  is  calculated  by  choosing  the  volume  corresponding  to 
esire  energy.  Let  us  suppose  that  a 1 00  erg  primer  of  10  ohms 
resistance  is  desired  and  that  figure  3-32  is  available.  An  estimate 
f.  n - Wlthm  20  percent  of  the  required  energy  vould  be  made  for 
• ece®aary  lametcr  and  length  by  reading  along  the  resistance 
and  ° taking  the  corresponding  values  of  diameter 

i t0T  the  casc  Kiven’  these  values  are  81  micromelic' 
meter  and  0.023  unch  length.  By  the  use  of  a set  of  curves  or 

,nt#®L(rapf  ’ Whlch  are  pa8lly  prepared,  it  would  be  possible  to 

for  n o-;  6 J-T  "ny  va  uc  cncrgy,  resistance,  or  diameter  desired 

lor  a given  discharge  time. 
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LENGTH  (MILS) 
20  40 


60  100 


0.7  1.0 


004  007  0.1 

DIAMETER  I MILS)  . . _ _ 

Figure  3-34.  Length-Diameier-Resistcnce  for  3,000-Erg  Hnmers  Using 
Tophet-C  Wire  and  Lead  Stypnnate. 
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Input  Charueturijtta  of  Carbon-Brids«  Typt  Primtr 

General.  This  type  of  primer,  a British  innovation,  has  been 
under  development  in  this  country  since  World  War  II.  The  bridge 
rather  than  being  a wire  is  a conductive  carbon  fi!m  of  small  length 
(0.0012  inch  maximum  in  Primer  \fk  121).  The  bridge  is  usually 
formed  on  an  insulating  surface  between  two  conductive  surfaces  by 
wetting  the  area  to  be  bridged  with  an  aqeuous  colloidal  suspension 
of  graphite.  The  thickness  of  the  bridge,  which  remains  after  the 
evaporation  of  the  water,  may  be  regulated  by  varying  the  amount 
of  graphite  in  suspension.  This  type  of  primer  is  characterized  by 
high  resistance  (several  thousand  ohms),  a negative  temperature  co- 
efficient of  resistivity,  and  high  sensitivity.  (Primers  of  less  than 
100  ergs  firing  energy  can  be  made  easily.) 

This  carbon  bridge  primer  offers  several  ml  vantages  over  the  bridge 
wire  type.  Its  high  resistance  makes  it  particularly  suitable  for  cir- 
cuits using  a thyratron  for  triggering,  as  the  thyrntron  efficiency  hi 
transferring  the  firing  energy  is  so  very  much  greater  when  working 
into  loads  of  several  thousand  ohms  compared  with  that  obtained 
with  the  2 to  10  ohm  loads  encountered  in  the  conventional  bridge- 
wire  type  low-energy  -primer.  A second  advantage  is  the  ease  of 
formation  of  the  conductive  bridge,  eliminating  the  necessity  of  man- 
ufacturing and  handling  extremely  small  fragile  wires.  The  major 
disadvantage  of  the  carbon  bridge  primer  is  sensitivity  to  electro- 
static discharges  which  tends  to  make  it  hazardous  to  handle. 

The  carbon  bridge  consists  of  a number  of  conductive  paths  rnthcr 
than  a single  path  as  offered  by  a bridge  wire.  At  the  outset  of  current 
passage  through  the  bridge,  os  in  firing,  the*  path  of  least  resistance 
will  get  more  current  than  adjacent  paths  and  hence  will  be  heated  to 
a higher  temperature.  Since  the  carbon  has  a negative  temperature 
coefficient  of  resistivity,  the  hotter  path  will  have  its  resistance  re- 
duced still  further  and  hence  will  receive  proportionately  a still  greater 
amount  of  current.  The  repetition  of  this  process  tends  to  channel 
practically  all  the  current,  into  a single  path  in  a very  short  tunc 
(microseconds).  There  is  some  evidence  that  during  the  course  of 
fir-ng  by  condenser  discharge,  the  bridge  resistance  drops  to  about 
one-third  its  cold  v ..n/e,  but  this  drop  may  vary  somewhat  depending 
on  the  rate  of  energy  input. 

A great  deal  of  the  data  defining  all  the  necessary  variants  for 
complete  design  of  the  carbon  bridge  primer  have  not  as  yet  appeared 
The  bulk  -j“  the  data  existing  can  be  found  in  references  (11),  (12), 
end  (13).  Some  of  the  factors  are  discussed  in -following  paragraphs. 

Effect  o!  film  thickness.  When  the  bridge  is  prepared,  just  enough 
carbon  is  deposited  to  give  a satisfactory  resistance.  It  is  obviotu 
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that  heavier  carbon  deposits  will  necessitate  more  energy  input  for 
firing,  as  there  is  more  carbon  in  any  given  path  to  be  heated  to  the 
explosion  temperature  of  the  igniting  explosive;  complete  data  on  this 
effect  are  not  as  yet  available.  Figure  3-35  shows  this  tendency 
rather  clearly. 

Effect  of  film  length.  Just  as  the  film  thickness  necessitates  mor^ 
energy  for  firing,  increasing  the  bridge  length  is  known  to  have  the 
same  effect;  however,  where  increasing  the  thickness  of  film  for  a 
given  length  reduces  resistance,  increasing  the  length  for  a given  film 
thickness  increases  the  bridge  resistance.  For  this  reason,  one  may 
design  a primer,  within  certain  limits,  to  obtain  both  a prefixed  energy 
and  a prefixed  resistance  by  the  expedient  of  choosing  proper  bridge 
length  and  bridge  thickness.  However  , the  exact  variation  of  firing 
energy  with  bridge  length  has  not  been  defined;  until  this  is  done,  and 
until  more  is  known  about  the  effect  of  carbon  concentration  in  the 
dag,  systems  of  cut-and-try  must  be  used  to  obtain  the  desired  charac- 
teristics, where  these  vary  from  the  standard  Primer  Mk  121. 

Effect  of  rate  of  energy  inpat.  Besides  bridge  length  and  dag  con- 
centration, there  is  another  factor  by  which  the  energy  requirement 
can  be  partially  controlled  in  condenser  discharge  type  firing  circuits. 
This  is  the  rate  of  energy  input.  The  discussion  here  coincides  with 
that  in  the  earlier  discussion  of  Effect  of  Rate  of  Energy  Input  in 
Bridge-Wire  Type  Primers  (page  3-36),  with  the  exception  that  no 
actual  data  are  on  hand  to  demonstrate  the  supposedly  larger  effect 
or.  bridges  of  small  film  thickness,  analogous  to  the  greater  effect 
experienced  with  the  smaller  bridge  wires.  Data  have  been  obtained, 
however,  for  the  variation  of  energy  required  with  time  of  input 
(ref.  (12)),  and  these  curves  have  the  same  characteristics  as  those 
in  figures  3-21  to  3-25  for  bridge-wire  type  primers. 

Output  Characteristics 

There  is  no  doubt  that  the  output  characteristics  of  a primer-  de- 
pend greatly  on  its  shape,  the  distribution  of  explosives  material 
within  it,  the  strength  of  the  confining  primer  cup,  the  base  charge 
explosive,  and  its  loading  pressure  or  confinement.  The  important 
onsiderations  in  designing  for  output  are  that  the  output  be  great 
enough  to  actuate  the  next  element  in  the  train  but  not  so  great  that 
'he  fuze  becomes  unsafe.  The  matter  of  actual  design  is  usually  a 
eut-and-try  method  wherein  the  weight  of  base  charge  is  varied  and 
Is  effect  on  the  functioning  of  the  next  element  and  on  the  safety 
■>f  the  fuze  are  determined.  From  these  data,  the  proper  weight  of 
mso  charge  is  chosen;  if  this  docs  not  yiem  mo  uesned  result,  a re- 
i esign  of  the  primer  cup  is  usually  necessary. 

-OKiFiDENTIAL  3-51 

241532—53 8 


ORDNANCE  EXPLOSIVE  TRAIN 
DESIGNERS'  HANDBOOK 


CONFlDi . iTIAL 

SECURITY  INFORM  atION 


:,'T! 


MOT£  £0  TRIALS  AT  MACH  KM  NT  X 

o.a*  mater  as ao  ccuczzszz  X 

AT  SO  VOLTS . 


wMnSC'}  Srt  w£i  wP1  mm  pi  iWi  trrsr.PBT  i 

F/gyr*  3~35.  Effect  of  Dag  Concentration  on  Firing  of  Carbon  Srids 

Primers.  „ 

3"52  CONFIDENT!  A I 


jfSaaMliM 


CONFIDENTIAL 

SECURITY  INFORMATION 


CHARACTERISTICS 
OF  PRIMERS 


It  is  possible,  of  course,  to  make  measurements  of  brisance  as  in  the 
sand  bomb  test  and  from  these  to  evaluate  some  of  the  variables 
described  in  preceding  topics.  This  method  gives  a qualitative  an- 
swer as  to  how  best  to  arrange  the  variables  to  obtain  the  desired 
effect.  However,  the  final  answer  is  affected  by  the  surroundings  of 
the  primer  in  the  fuze,  and  the  exact  effects  produced  by  the  surround- 
ings is  a complex  function  that  has  as  yet  defied  quantitative  solution. 
For  comparison,  table  3-13  shows  the  sand  crushed  by  the  various 
electric  primers  discussed. 

Table  3-13. — Sami  Bomb  Teal  of  Various  Electric  Primers 


Primer 

'WelgSiloflgni- 
tlo:i  eharfe 

j (m) 

Weightofbase 
j charge  (mg) 

. 

Sand  crushed 
(mg) 

\fk  *12 

60 

60 

5.3 

Mk  121  

| 60 

— - 60 

5.3 

Spray  Meta! 

! ^ s 

100 

2.3 
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Chapter  4 

CHARACTERISTICS  OF  DETONATORS 

The  detonator  is  normally  the  clement  in  the  explosive  train  which 
effects  the  transition  from  deflagration  to  detonation.  The  detonator 
performs  three  distinct  functions  which  may  be  performed  by  one,  two, 
or  three  different  explosive  charges.  These  functions  are  (1)  the 
initiation  of  deflagration,  (2)  the  transformation  of  deflagration 
to  detonation,  and  (3)  the  transfer  of  the  detonating  impulse  to  the 
next  item  in  f e train. 

The  deflagration  may  be  initiated  in  a primary  explosive  or  a 
priming  mixture,  sometimes  called  the  upper  charge,  in  the  sensitive 
end  of  the  detonator.  The  transition  from  deflagration  to  detonation 
is  usually  effected  by  an  intermediate  charge  of  lead  azide,  although 
mercury  fulminate  and  diazodinitrophenol  have  also  been  used  for 
this  purpose.  The  transfer  of  detonation  to  the  next  item  may  be 
done  by  the  lead  azide,  but  in  the  case  of  the  more  powerful  detonators 
a high  explosive  base  charge  such  as  PETN,  Tetryl,  or  RDX  performs 
this  function. 

Detonators  arc  usually  classified  according  to  the  method  of  initia- 
tion, as  flash,  stab,  or  electric  detonators.  These  are  discussed  in 

theffollowing  sections. 

: ; 

Section  f:  Flash  Detonators 

Gi  »eral  Performance  Characteristics 

j flash  detonator  is  designed  to  deliver  a detonating  unpulse 
\vh  n acted  upon  by  a heat  impulse  or  a detonating  impulse  generated 
by  t previous  element. 

1 eat  impulses  for  initiating  flash  type  detonators  may  result  irom 
l ha  flash  from  a delay  clement  in  delay  type  fuzes  or  the  flash  from 

a {§imcr  in  instantaneous  type  fuzes. 

1 fhen  initiation  results  from  the  functioning  of  a previous  detonator, 
th<  flash  type  detonator  usually  serves  in  the  capacity  of  a reiBjr 
wH  ,re  the  gap  over  which  the  detonation  must  he  transmitted  is  too 
lhc  it  for  the  primary  detonator  to  be  effective.  ^ 

Advantages.  The  sensitive  initiating  explosive  in  flash  detonators 
'nil  icH  them  valuable  for  the  development  of  a detonating  imp  se 
! <> |i  a heat  impulse  emitted  by  a previous  train  component  or  for 
' 'C  boostering  of  a previously  emitted  detonating  impulse.  ^ ^ r 

Limitations.  Lack  of  stab  or  percussion  sensitivity  maxes  naan 
• tonators  useful  only  where  the  initiation  impulse  is  supplied  by  a 
' evious  explosive  element. 
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General  characteristics.  The  construction  of  flnsh  type  detonators 


is  in  line  with  general  detonator  construction,  that  is,  each  detonator 
consists  of  a metal  capsule  containing  a charge  of  primary  explosive 
or  f charge  of  primary  explosive  pins  a hast*  charge  of  n booster  type 
explosive. 

Various  types  of  closures  are  employed.  The  most  common 
type  is  the  disk  closed  end  with  the  sidewall  of  the  detonator  cup 
c. imped  over  an  aluminum  sealing  disk.  In  another  design,  the 
imitating  end  of  the  detonator  is  closed  by  a paper  disk  held  in  place 
by  an  aluminum  washer  over  which  the  sidewall  of  the  detonator 
is  crimped.  In  another  variation,  the  closure  of  the  initiating  end 
of  the  detonator  is  the  solid  end  of  the  detonator  cup  coined  to  a 
suitable  thickness.  The  coined  end  is  considered  to  be  an  advanta- 
geous type  of  construction  from  the  standpoint  of  surveillance,  but  this 
advantage  may  not  compensate  for  the  manufacturing  difficulties 
and  the  loss  of  sensitivity  which  this  type  of  construction  entails. 

Suitable  primary  explosives.  The  acceptor  explosive  of  all  Navy 
flash  initiated  detonators  is  lead  azide.  Reference  (!)  indicates  that 
all  flash  type  detonators  used  by  the  Army  contain  lead  azide  as  the 
acceptor  explosive.  Some  Navy  Hash  type  detonators  contain  a 
iCviyl  base  charge,  while  others  an*  loaded  completely  with  lend 
s^ide.  Reference  (1)  indicates  that  nil  Army  flash  type  detonators 
contain  a tctryl  base  charge. 

An  analysis  of  the  explosive  components  of  detonators  of  foreign 
ammunition  was  made  at  Ficatinny  Arsenal  and  is  reporied  in  refer- 
ence (2).  This  report  mentions  a variety  of  explosives  used  in  flash 
type  detonators.  The  findings  are  summarized  in  table  4-1. 

Metals  for  components.  Since  both  Army  and  Navy  flash  type 
detonators  employ  lead  azide  as  an  explosive  ingredient,  aluminum  is 
the  metal  usually  used  for  components. 


Examples  of  Flash  Type  Detonators 

The  design  of  flash  type  detonators  most  commonly  used  follows 
that  of  Detonator  Mk  37  Mod  0,  shown  in  figure  4-1.  Variations 
from  the  most  commonly  used  design  are  shown  by  sketches  of  De- 
tonators Mk  33  Mod  0 and  Mk  45  Mod  0,  alco  shown  in  figure  4-1. 

Detonator  Mk  37  Mod  0 is  a compound  detonator  containing  two 
increments  of  lead  azide  and  one  of  to  try  1.  It  is  used  in  auxiliary 
detonating  Fuzes  Mk  44  and  Mk  46  and  is  initiated  by  the  detonation 
of  a lead  azide  detonator  in  the  nose  fuze.  Detonator  Mk  37  initiates 
a to  try  I lead. 
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Table  4-!. — Explosive  Charge s Used  in  Foreign  Flcmh  Detonators 


D«toi**«or  beat  charge 


Ammon!  (ten 


j Origin 


HlncSc  Powder 

I/wm  Mercury  Fulminate... 

Mercury  Fulminate 

I/ad  Arldo 

Lead  Ailde 

I/ad  Ailde  (76  percent) 

I-KT.V  (25  percent) — 

J/tid  Ailde  (77*8per«ml).. 

I /ad  9typhnnte  (23±8  percent) . . . 
I /tail  Ailde  (5fcfc2  percent) . . 
i/ad  Styphnate  (42±2percen! 

I/ad  Aruie  (80  percent) 

Lead  Styphuate  (20  percent). 

I/ad  Ailde  (80  percent) 


PBT.V  (10  percent) 

f/ad  Ailde  (61.7  percent) 

I/tad  Styphnate  (48.3  percent) . . . . 

I/ad  Ailile  (78  percent) 

I /ad  Styphnate  (24  percent) 

Separate  Charge*  of  I/ad  Ailde, 
Lead  Styphnate. 

Separate  Charges  of  Izad  Ailde, 
Lead  Styphnate. 


Mercury  Fulminate..  .. 

90-mm  H.  F..  Shell 

Pressed  Mercury  Fu!- 

81-mm  H.  E.  High  Capacity 

minate. 

Mortar. 

Tetryl 

Grenada 

Tetryl 

25-mm  II.  F..  Shell 

PF.TM 

20- mm  TT  K Shall 

1-PET.V 

J 

/PETN 

ftpKTN 

75-mm  Howitzer. 

J 

PBT.V  (94  percent) 

75-mm  A.  P.  Capped 

Wa*  (6  jiercent) 

;»ak  40 

jl’KTV 

30-tnm  Hounding  Tvpe 

)nnx 

4?-mm  H.  E.  Grenade 

J 

IIDX  (Wl.fi  percent) 

]3S-mm  Capped 

PETN 

J 

Tetryl 

76-mm  II.  E 

French. 

Italian. 

Japanese. 

Do. 

German. 

Japanese. 

German. 

Do. 

-German. 

Do. 

Italian. 

German. 

Italian. 

Russian. 


Detonator  Mk  33  contains  only  lead  azide.  The  initiating  end  is 
covered  with  a paper  disk  and  an  aluminum  washer,  while  the  opposite 
end  is  covered  with  an  aluminum  disk  retained  by  a partial  crimp. 
When  the  detonator  is  assembled  into  the  fuze  plunger,  sufficient 
pressure  is  applied  to  the  detonator  to  complete  the  crimp.  It  is 
claimed  that  this  type  of  assembly  is  conducive  to  a tighter  fit  in  the 
detonator  cavity  in  the  fuze  plunger.  Detonator  Mk  33  is  initiated 
by  the  spit  from  a black  powder  delay  element  in  a delay  fuze,  such 
as  the  Mk  19  base  fuze,  or  by  the  spit  of  a percussion  primer  in  an 
instantaneous  fuze  such  as  the  Mk  28  base  fuze.  Detonator  Mk  33 
initiates  a tetryl  lead  in  both  instantaneous  and  delay  fuzes. 

Detonator  Mk  45  is  a compound  detonator  containing  both  lead 
azide  and  tctrvl.  It  differs  from  the  other  two  detonators  shown  in 
figure  4-1  in  that  the  sensitive  end  is  a coined  enu.  me  opposite 
end  is  disk  closed.  Detonator  Mk  45  is  initiated  by  the  fuze  primer 
Mk  113  and,  in  turn,  initiates  a tetryl  lead. 


Input  Characteristics 

Adequate  data  are  not  available  on  the  effect  of  design  variables 
on  the  sensitivity  of  flush  typo  detonators.  The  following  \aiiables 

'•Vo  iUl  ho  expected  to  he  important. 

) Tv  op  ,’>f  j‘!o.-iuro  of  the  sensitive  end,  that  is,  crimped  disk  vs. 

co;  r<l  ond. 

) (’insure  material  used  on  the  sensitive  cud,  that  is,  »nCtai  vs. 
1,!M  vs.  organic  sealant. 
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(c)  Type  of  explosive  used  in  the  sensitive  end.  The  accumula- 
tion of  data  has  been  handicapped  by  the  lack  of  an  adequate  test 
method  for  flash  detonator  sensitivity.  Such  an  apparatus,  the 
Flash  Detonator  Tester  (Gas  Blast),  is  being  developed  at  the  Naval 
Ordnance  Laboratory.  (See  page  9-1G.)  The  experimental  instru- 
ment is  described  in  reference  (3);  a revised  “production”  model  is 
described  in  reference  (4). 

The  “gas  blast”  detonator  tester  utilizes  a sealed  chamber  con- 
taining approximately  thirty  cubic  inches  of  a mixture  of  hydrogen 
and  oxygen  in  a two  to  one  volume  ratio.  The  gas  is  ignited  from  the 
spark  of  a standard  automotive  spark  plug.  Suitable  valves  permit 
filling  the  chamber  with  the  gas  mixture  to  the  desired  pressure. 
The  detonator  is  sealed  into  the  bottom  of  th^  chamber  with  its  flame 
sensitive  end  exposed  to  the  burning  gases.  The  chamber  is  evacu- 
ated prior  to  introducing  the  gases  so  that  only  hydrogen  and  oxygen 
are  present.  Some  preliminary  data  have  been  obtained  on  the 
effect  of  two  of  the  variables  just  named— type  of  closure  and  type 
of  explosive. 

Effect  of  type  of  closure  on  sensitivity.  Using  the  experimental 
gas  blast  tester,  sensitivity  tests  were  carried  out  on  Detonators  Mk 
45  Mod  0 and  Mk  33  Mod  0.  The  data  are  tabulated  in  table  4-2. 


T amt.  4-2. — Effect  of  Type  of  Closure  on  Sensitivity  of  Detonators 


Oe  tom  tor 
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Both  detonators  contain  lead  azide  on  the  sensitive  end,  as  shown 
m figure  4—1.  The  difference  in  sensitivity  of  the  two  detonators  is 
apparently  due  to  differences  in  the  construction  of  the  sensitive  end. 

Effect  of  sensitive  end  explosive  on  sensitivity.  Table  4—1  indicates 
hat.  lead  stypbnate  is  often  used  in  the  upper  (flash  sensitive)  charge 
'reposition  of  flash  type  detonators.  "Work  of  a preliminary  nature 
dicates  that,  the  addition  of  normal  lead  stypbnate  to  lead  azide 
'prceiably  increases  the  flash  sensitivity.  In  this  work,  lead 
vplmate-lend  azide  mixtures  (each  varying  from  20  to  80  percent  by 
1 percent  increments)  were  loaded  into  aluminum  Mk  102  type 
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on  tnc  relationship  between  the  amount  of  explosive  and  the  output 
arc  presented  in  the  following  paragraphs. 

Effect  of  amount  of  explosive  on  output  as  measured  by  the  sand 
bomb.  Sand  bomb  tests  on  various  amounts  of  lead  azide  loaded  into 
the  body  of  underwater  Detonator  Mk  9 furnished  a relationship 
between  the  amount  of  lead  azide  and  the  amount  of  sand  crushed. 

Table  4-4. — Ejlft  of  Amount  of  Exploitive  on  Output  as  Measured  by  Sand 

Bomb  " 


Grain*  sand 
. crashed  in  360- 
d (non  send  bomb 
*uoe  (avenge  at  5 

value*} 


Underwater  Detonator  Mk  9 is  initiated  by  two  primers,  Mk  112,  but 
these  are  so  highly  confined  that  it.  can  be  assumed  that  they  will  not 
affect  the  amount  of  sand  crushed.  „ 

Effect  of  amount  of  explosive  on  output  as  measured  by  the  copper 
block  test.  In  connection  with  the  preparation  of  a specification  for 
Detonator  Mk  45,  the  output  of  which  was  evaluated  by  the  copper 
block  test,  the  question  arose  as  to  a correlation  between  copper 
block  values  and  the  initiating  ability  of  the  detonator.  In  the  study 
of  this  problem,  a series  of  Detonators  Mk  45  was  prepared  in  groups 
of  10  nt  each  pressure  from  250  psi  to.  10,000  psi,  at  varying  incre- 
ments of  pressure.  The  expansion  was  determined  for  the  copper 
blocks  housing  the  detonators  during  explosion.  The  explosions  of  the 
detonators  were  initiated  by  fuze  Primers  Mk  113.  Table  4-5  shows 
the  quantities  of  explosive  used  and  the  copper  block  expansion  for. 
each  loading  pressure  used. 

Table  4-5 .—Effect  of  Amount  of  Explosive  on  Output  as  Measured  by  the  Copper 

Block  Test 


Loading  procure  (pal) 


1 

Quantity  of 
[ lead  azide 

Quantity  of 
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expansion 
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Since  the  loading  pressure,  as  such,  would  he  expected  to  !1UV(. 
little  effect  on  output,  it  would  seem  that  these  data  reflect  the  effect 
of  amount  of  explosives.  The  data  may  be  useful  for  design  purpose 
where  similar  ratios  of  lead  azide  to  tetry!  are  used. 

Section  2. — Stab  Detonators 

General  Performance  Characteristics 

The  stab  detonator  usually  functions  as  the  initiating  element  of  a 
fuze.  This  element,  which  is  highly  sensitive  to  the  action  of  a stab 
firing  pin,  produces  a detonation  which  can  start  the  action  of  an 
explosive  train  by  the  initiation  of  a teiryl  lead,  a relay  detonator,  or 
a booster  charge. 

Advantages.  The  high  sensitivity  of  stab-type  detonators  makes 
them  suitable  for  use  under  conditions  where  mechanical  initiating 
energy  is  low. 

The  stab  detonator  is  initiated  by  a firing  pin  which  is,  in  general, 
driven  by  one  of  three  different  means:  (a)  impact  with  the  target, 
(b)  spring  action,  or  (c)  gas  pressure.  This  characteristic  allows  for 
the  construction  of  a simple,  compact,  highly  reliable  firing  mechanism. 

Stab  detonators  are  constructed  to  initiate  tctryl  leads,  .relny  det- 
onators, and  in  some  cases  booster  charges. 

limitations.  Stab  detonators  require,  mechanical  energy  for  actua- 
tion and  are,  therefore,  useful  only  where  such  energy  is  available. 

The  relatively  high  brisancc  of  stab-type  detonators  as  compared 
with  primers  makes  them  unsatisfactory  for  use  as  initiators  of  delays. 

Construction 

The  stab  detonator  cup,  or  outer  covering,  is  usually  mode  from 
aluminum  or  aluminum  base  alloys  for  detonators  containing  an  ex- 
plosive charge  of  lead  aside,  whereas  copper  or  copper  base  alloys  ore 
used  for  detonators  containing  mercury  fulminate.  The  cup  may  have 
any  one  of  several  designs  of  closures.  A few  such  designs  arc:  two 
disk-closed  ends;  one  disk-closed  end,  one  coined  end;  one  coined  end, 
one  open  end;  one  disk-closed  end,  one  open  end. 

The  length  of  stab  detonators  now  in  use  by  the  Army  and  Navy 
varies  from  0.250  inch  to  0.750  inch,  and  the  Sternal  diameter  varies 
froru  0.1  JO  inch  to  0.300  inch. 

The  wall  thickness  of  the  detonator  rung  varies  from  0.005  inch  (•> 
0.025  inch. 

The  disK  thickness  on  the  sensitive  end  of  stab  detonators  vane 
from  0.00 1 inch  to  0.005  inch. 
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The  closing  disk  thickness  on  the  insensitive  end  of  stab  detonators 
varies  from  0.005  inch  to  0.020  inch. 

Suitable  explosive  components.  Stab  detonators  contain  explosive 
charges  which  usually  consist  of  a priming  mixture,  a primary  ex- 
plosive, and  a high  explosive  or  base  charge.  However,  in  some  cases 
(he  priming  mixture  and/or  the  high  explosive  may  be  omitted. 

The  priming  mixtures  used  in  stab  detonators  usually  consist  of  a 
primary  explosive,  an  oxidizing  agent,  a fuel,  and  frequently  a sensitiz- 
ing agent. 

Priming  mixtures  now  in  use  in  both  Army  and  Navy  stab  det- 
onators arc  listed  ir.  table  2-3  (page  2-10). 

Either  mercury  fulminate  or  lead  azide  is  used  as  the  primary 
explosive  in  stnb-tj'pc  detonators,  while  tetryl  is  commonly  used  as 
the  high  explosive. 

Metals  for  components.  Army  and  Navy  detonator  cups  and  disks 
are  constructed  of  aluminum,  copper,  and  gilding  metal. 

The  metal  should  be  compatible  with  the  explosives  with  which  it 
comes  in  contact.  Lead  azide  reacts  with  copper  to  form  cuprous 
azide,  which  is  extremely  sensitive.  On  the  other  hand,  mercury  ful- 
minate and  lead  sulfocyanatc  react  with  aluminum  to  form  less  sensi- 
tive compounds. 

Army  and  Navy  procedure  is  to  load  mixtures  containing  mercury 
fulminate  into  copper  or  copper  alloy  components,  while  mixtures 
containing  lead  azide  are  loaded  into  aluminum  or  aluminum  alloy 
components.  The  Army  loads  a mixture  containing  lead  sulfocya- 
nnto  and  lend  azide  into  gilding  metal  components  that  have  been 
coated  on  the  inside  with  shellac  to  separate  explosives  and  metals 
which  tend  to  react. 

Example;  ef  Stab-Type  Detonators 

Navy  Detonators  Mk  26  Mod  0 and  Mk  28  Mod  0 represent  two 
general  types  of  stab  detonators,  and  are  illustrated  in  figure  4-2. 

Detonator  Mk  26  Mod  0,  used  in  nose  Fuzes  Mk  135  and  Mk  142, 
ri  initiated  by  a stab  firing  pin  driven  by  spring  action.  The  function 
of  the  detonator  is  to  initiate  a tetryl  lead-in.  This  detonator  is 
<!  sk-c.losed  at  both  ends  and  has  an  aluminum  cup  and  closing  disks. 

Detonator  Mk  28  Mod  0,  used  in  auxiliary  detonating  Fuzes 
Vk  43,  Mk  51.  and  Mk  55,  is  initiated  by  a stab  firing  pin  actuated 
!■'  gas  pressure.  This  detonator  functions  as  the  initiator  of  a tetryl 
5 "l-in. 

The  Mk  28  Mod  0 is  an  open  end  detonator.  The  alumimim 
l!  onator  cup  has  one  solid  end  which  is  coined  thin  at  the  center  to 
u rcase  sensitivity  to  stab  action.  After  loading,  the  exposed  tetryl 
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Figure  4-2.  Two  General  Types  of  Stab  Detonators. 

at  the  open  end  of  the  detonator  Is  scaled  witjfci  a coating  of  water 
proofing  varnish.  >-%.  ■■..••I" 

Input  Characteristics 

Effect  of  mechanical  details.  Details  on  optimum  firing  pin  con- 
struction, relation  of  disk  thickness  to  sensitivity,  and  effect  of  firime 
pin  velocity  on  input  requirements  are  identical  with  those  for  sfcnl 
^pHmcm  and  arc  discussed  in  chapter  3 (pages  3-3  to  3-71. 

Effect  oi  loading  pressure  on  input  requirements.  Tests  wci 
undertaken  to  determine  the  optimum  loading  pressure  for  ion 
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ii/.ide  priming  mixture.  (See  table  2-3,  page  2- 10).  Mk  28  detonator 
cups,  which  are  of  the  coincd-end  type,  were  loaded  with  lead  azide 
priming  mixture  and  a lead  azide  primary  charge.  Seven  groups  of 
fifty  detonators  each  were  marie  up  at  5000  psi  intervals  from  10,000 


AO  AHO  nor  in/rlMaitrA 


A Bruceton  sensitivity  test  was  run  on  each' 


group  of  detonators. 

The  sensitivity  test  results  shown  in  the  following  table  indicate 
increasing  sensitivity  and  uniformity  with  increasing  pressure  to  a 
maximum  at  25,000  to  30,000  psi,  with  a subsequent  leveling  off  at 
approximately  the  maximum  value  of  each. 


Loading  jwariw 
(psi) 

Height  of  50 
percent 
functioning 
(inches) 

Standard 

dertatlor 

(Inches) 

laaoo 
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3.  §0 
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2.M 

aaotw 
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1.17 

zs.ono 

127 

. 9J 

sa  ooo 

2C2 

1.07 

33,300 

3.04 

.99 

40.000 

3.08 

1.10 

These  results  have  been  confirmed  by  more  recent  tests  in  which 
the  NOL  No.  130  Priming  Mixture  and  lead  azide  priming  mixture 
(see  table  2-3,  page  2-10,  for  compositions)  were  loaded  at  varying 
pressures  in  Mk  18,  Mk  44,  and  Mk  28  type  detonators  (ref.  (5)). 
The  results  arc  presented  in  table  4-6  and  shown  graphically  in  figures 
4 3 and  4-4.  These  data  differ  from  the  earlier  results  in  that  the 
sensitivity  does  not  level  off  at  30,000  psi,  but  keeps  increasing  up  to 
50,000  psi,  which  is  the  highest  pressure  tested. 

This  effect  of  increasing  sensitivity  and  uniformity  with  increasing 
lending  pressure  is  not  shown  by  all  stab-type  priming  mixtures.  (See 

Tahi.r  f-f,. — Variation  of  Sensitivity  With  Landing  Pressure  for  Slab-Type  Priming 

Mixtures 


leading 


NOL  No.  130  priming  mixture  loaded  Into 
detonator 


Lead  axide  priming  mixture 
loaded  Into  detonator 


Mk  IS  Mk  44 

(0.u93  Inch  (0.!4v  lnt*i 

1.  O,)  I.  IX) 

! Mk  28 

; (0.16  Inch 

I.  D.) 

1 

Mk  13 
(0.093  Inch 

i.  n.) 

Mk  28 
(0.168  Inch 

I.D.) 

X<  j S»  X j 

X 

3 

X 

. ,■  1 

s 

X 

S 

"j  1 1 

1 89  1 0.52  1 1.04  ! 

l.42j  .21  | .09 

!.  13  1 .33  1 ,78  ! 

. 98  j . 45  j . 30  j 

0.  23 

■«! 
1 . ll 

: .n 

! 

CI-C1C  j 

7-3  | 
1 ! 

0.29 

.84 

.38 

.29 

4.81 
3. 10 
2.47 
2.01 

3.44 
2.81 
1. 71 
1.71 

4.97 
4.04 
a 19 
» 3.01 

1.40 
.93 

1.07 

1. 41 

'J>  IX ro  ut  tiring  height.  Inches,  Tost  Set  Mk  HO.  2-ouncc  ball, 
liimlnrt!  rirvlntion  In  ir/'lirs- 

'*  o*»>h;*Sijns  (hiring  pressing. 


CC  sFlDENIJAL 


ORDNANCE  EXPLOSIVE  TRAIN 
DESIGNERS’  HANDBOOK 


CONRdENTIAI 
SECURITY  INFORMATION 


?»? 


mm- 


X DETONATOR  MK  28 
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LOADING  PRESSURE  IN  THOUSANDS  (PSI) 

Figure  4-3.  Effect  of  Loading  Pressure  on  the  Sensitivity  of  Lead  Azide 
: Priming  Mixture,  Test  Set  Mk  136,  2-Qi‘nce  Bali 

chap.  3,  Stab  Primers,  Effect  of  loading  pressure  on  input  requirements 
(page  3-7),  In  those  cases  where  the  effect  can  bo  used,  it  offers 
an  excellent  opportunity  for  increasing  the  sensitivity  and  improving 
the  quality  of  stab-type  detonators  and  primers. 

Output  Chcru€f«ri*ric» 

Effect  of  amount  of  base  charge  on  output.  A test  was  conducted 
in  which  Detonators  Mk  28  containing  a lead  azide  priming  mixture 
(0.060  gram)  and  a lead  azide  primary  charge  fwere  loaded  with 
valuing  base  charge  weights  of  tetryl,  PETN,  and  RDX. 

||hese  detonators  were  lired  by  a Bruccton  test  procedure.  (S<  o 
page  0-29).  Measurements  were  made  of  the  diameters  of  ho!'1* 
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Figvrt  4-4.  Effect  of  Loading  Pressure  on  the  Sensitivity  of  NOL  No.  130 
Priming  Mixture,  Test  Set  Mk  136,  2-Ounce  Boll. 

produced  in  lead  disks  by  the  explosion  of  these  detonators.  The 
results  were  as  follows: 
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Detonators  containing  either  KUa  or  rr>i 

appear  to  be  considerably  more  powerful  than  t ose  a\mg 

b"'n,eh”andard  deviation  of  the  load  disk  h<do  diamotera^M«l^ 

dr-  'eases  with  increasing  base  charge  weight  --- - * 1 ^ 

u-.  cKts  has  smr'ier  g*«p^«»d  deviations  of  lead  disk  me«si~e  - 

th  rda“^r<TrCTN.  This  fact  indicates  more  Uniterm 

ex:  osions. 
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In  the  discussions  that  follow,  references  are  made  frequently  to 
section  3 of  chapter  3,  which  deals  with  electric  primers.  It  will  be 
to  the  render’s  advantage  to  be  familiar  with  at  least  those  portions 
of  the  preceding  chapter  which  deals  with  input  design,  as  the  problem, 
of  designing  for  input  characteristics  is  identical  for  both  primers  and 
detonators. 

Advantages.  Electric  detonators,  by  virtue  of  their  employment  of 
electric  initiation,  possess  a number  of  advantages  over  other  varieties 
of  detonators.  Since  these  advantages  are  covered  fully  in  section  3 
of  chapter  3,  they  are  re-stated  here  only  briefly: 

(a)  Electric  detonators  may  be  built  to  require  less  energy  for 
initiation  than  do  stab  types. 

(b)  Features  of  selectivity  or  discrimination  may  be  built  around 
electric  detonators. 

(c)  Simultaneous  action  may  be  started  at  points  remote  from  the 
firing  source. 

(d)  For  certain  applications,  increased  safety  is  realized  over  that 
of  stab  or  flash  type  detonators. 

(«)  The  input  characteristics  of  electric  detonators  may  be  easily 
evaluated  in  the  laboratory.  Some  of  the  characteristics  may  be 
determined  by  non-dcstructive  testing. 

In  addition  to  these  advantages  over  other  detonator  types,  the 
electric  detonator  possesses  an  advanatage  oyer  the  electric  primer 
in  that  no  flash  detonator  is  required  to  be  used  with  it.  Hence  the 
explosive  train  from  electrical  initiation  to  lead-in  is  loaded  in  a single 
unit.  This  eliminates  the  gap  usually  present  between  primer  and 
flash  detonator,  which  is  one  of  the  points  at  which  an  explosive 

mat*  fail 

ISilui  Site**  fin*.  , , y „ . 

Limitations  and  disadvantages.  The  disadvantages  and  limitations 
of  electric  primers  are  covered  in  section  3 of  chapter  3.  any  o 
these  limitations  are  also  inherent  in  electric  detonators;  namely, 

fa)  More  involved  construction  than  stab  or  flash  detonators.' 

(b)  The  fuze  employing  them  must  carry  along  an  energy  supply 


generator.  . . , 

<c)  The  fuze  must  contain  suitable  electric  fixing  circuits,  whic 
" usually  more  complex  than  the  firing  pin  or  flash  actuating  arrange- 
ats  required  with  other  detonator  types. 

'!)  Special  techniques  arc  necessary  for  producing  anc  ana 
bridge  wires  or  for  manufacturing  the  reproducible  carbon 
iges  required  for  the  low-energy  detonators. 

The  dwtrif  detonator  h»  come  into  only  limited  aerv.ee  use  m 

!u  <“**  **<•»««'  ;; ;;  desismers  t™* «» 

tins.  It.  is  the  opinion  of  main  fu.,c  .x.  g< 


r 

V 


NFIDENTiAL 


15 


« « ,'rs  -i. 


ORDNANCE  EXPLOSIVE  TRAIN 
DESIGNERS'  HANDBOOK 


CONFIDENTIAL 

SECURITY  INFORMATION 


standpoint  of  safety  and  efficiency  of  space  utilization,  it  ix  easier  «o 
effect  a good  design  by  using  the  primer-flash  detonator  combination. 

For  reasons  of  safety,  it  is  normally  considered  desirable  to  provide 
one  or  more  interruptions  in  the  fuze  train  of  an  unarmed  fuze.  In 
the  case  of  a primer-flash  detonator  combination,  this  may  be  effected 
by  placing  the  detonator  in  a shutter  which  is  turned  out  of  align- 
ment with  both  the  primer  and  lead-in  when  the  fuze  is  unarmed. 
On  arming,  the  shutter  is  actuated  and  moves  the  item  into  align- 
ment. Electric  detonators,  being  larger  and  requiring  electrical  con- 
nections, do  not  lend  themselves  readily  to  this  type  of  arming  device. 

Another  argument  advanced  by  the  fuze  designer  is  that  some  of 
the  newer  fuzes  have  two  or  more  initiating  elements  incorporating 
delays  of  varying  lengths.  The  fuze  firing  circuit  is  designed  to  ini- 
tiate the  element  having  the  delay  most  appropriate  for  the  target. 
If  primers  are  used,  it  is  relatively  easy  to  fire  through  from  any  of 
the  series  of  primers  to  a single  shutter-mounted  flash  detonator  even 
though  all  the  primers  cannot  be  perfectly  aligned  with  the  detonator.- 
On  the  other  hand,  if  detonators  were  used,  it  would  be  difficult  to 
initiate  a comparatively  insensitive  lead-in  when  alignment  is  poor. 
The  latter  arrangement  would  also  involve  a difficult  safety  problem. 

Construction 

General.  The  instantaneous  electric  detonator  is  ordinarily  com- 
posed of  an  ignition  element,  an  intermediate  charge  of  primary 
explosive,  and  a base  charge  assembled  within  a single  cup.  This 
combination  is  not  rigid;  in  some  instances  there  are  more  than  three 
charges,  and  in  others  no  intermediate  charge  of  primary  explosive  is 
necessary.  The  ignition  element  consists  of  a set  of  wire  leads  molded 
into  a plug,  a bridge-wire  or  conductive  coating  connected  between 
these  leads,  and  a sensitive  explosive  surrounding  this  bridge.  The 
intermediate  charge  usually  consists  of  a primary  explosive  of  high 
bnsance,  such  as  DDNP/KCIO,  75/25,  or  of  lead  azide.  The  base 
charge  is  a high  explosive  with  suitable  sensitivity  and  high  output 
such  as  PETN  or  RDX. 

Suitable  explosives  for  the  ignition  element.  The  ignition  element 
must  contain  about  the  bridge  a highly  sensitive  explosive.  Tin' 
compositions  that  have  found  the  greatest  use  to  date-have  been  lead 
styphnate  and  XC-9.  The  latter  is  a combination  of  diazodinitro 
phenol  75  percent  with  potassium  chlorate  25  percent  milled  in  a 2 A 
percent  solution  of  nitrostar|h  in  butyl  acetate.  There  are  a variety 
o other  explosives  that  could  serve  the  purpose.  Data  on  their 
sensitivities  to  ignition  by  various  diameter  wires  arc  given  in  figure' 
3-20  vpage  3-35). 
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In  Detonator  Mk  57,  the  bridge-wire  only  is  coated  with  a thin 
layer  of  lead  styphnate  to  get  high  sensitivity,  while  the  rest  of  the 
ignition  element  contains  lead  azide  to  obtain  high  brisance.  Such 
combinations  make  it  possible  to  initiate  the  base  charge  (FET$) 
directly  from  the  ignition  element,  thus  eliminating  the  intermediate 
charge  and  reducing  the  size  of  the  detonator. 

Intermediate  charge  materials.  These  are  sensitive  and  brisanfc 
primary  explosives  capable  of  being  easily  initiated  by  the  ignition 
element  and  having  fairly  high  output.  Undiluted  DDNP  as  well  as 
mixtures  of  DDNP  with  potassium  chlorate  have  been  used.  Lead 
azide  has  been  used  to  some  extent  by  the  Army  but  has  not  found 
too  much  use  in  Navy  electric  detonators  because  o?  its  incompata- 
bility  with  many  inetals  and  with  some  explosives. 

Base  charge  explosives.  These  are  comparatively  sensitive  high 
explosives  that  may  be  brought  to  full  detonation  in  fairly  short 
lengths  and  are  used  in  sufficient  quantity  to  provide  for  the  neces- 
sary output  of  the  detonator.  PETN  is  the  explosive  most  commonly 
employed  as  the  detonator  base  charge.  It  is  probably  possible  to 
use  other  materials  with  similar  properties,  for  instance  RDX. 

Metals  for  components.  The  detonator  cup,  the  bridge  wire,  and 
the  wire  leads  of  electric  detonators  are  usually  constructed  of  metal. 
The  cup  has  been  consistently  made  of  gilding  metal,  while  nichrome 
or  platinum  alloys  have  been  used  for  the  bridge  wire.  The  wire 
leads  are  usually  tin-plated  copper.  In  choosing  the  components,  the 
factors  usually  considered  are  compatabiiity,  adequate  strength,  and 
case  of  manufacture. 

Examples  of  Electric  Detonator  Design 

The  following  examples  of  electric  detonator  design  are  taken  from 
Navy  mine  and  torpedo  firing  mechanisms  and  from  Army  bom  an 
projectile  fuzes.  It  should  be  kept  in  mind  that  for  some  fuze  ap- 
plications the  ignition  dements  would  be  dissimilar  m that  the  electric 
fuze  detonator  would  be  designed  for  lower  energies  Hence  bridge 
wires  would  be  of  small  diameter  and  length  and  made  of  materials  of 
hi<rh  strength,  probably  of  tungsten  and  nichrome. 

Electric  Detonator  Mk  46  Mod  0.  This  detonator  (fig.- 4-6)  ® 
'iTuientlv  powerful  to  initiate  a booster  pe  et  tree  y. 

* ilcd  against  moisture  and  employs  comparatively  stable  e*ploa.na 
a that  its  surveillaneo  characteristics  are  goot . s ase 
<!  mutt  or  is  rounded  to  minimise  the  tendency  toward  “al  projecton 
<■  metal  fragments.  This  characteristic  makes  to 
■ star  will  hr  initiated  in  case  the  detonator  erodes  m the  sale 
||.  irioe.  in  devices  where,  on  arming,  the  detonator  moves  along  its 


CONFIDENTIAL 


4-17 


4 - i'/:_ 


Ift&iliM 

wmm 

swas wgEpj 

m*~xitaat6Mir- 

gjagg! 


ORDNANCE  EXPLOSIVE  TRAIN  CONFIDENTS 

DESIGNERS*  HANDBOOK  SECURITY  infobmat!^ 

\"  MtsSto  <5F*4 OO  PS!  p-Pf«H 0L<  *£sm  pluq 

LE40  WiR£* 


■r  ///// 


mo  Time 


Fijurc  4-5,  Electric  Detonator  Mk  46  Mod  0. 

$ ' ; ' 

|xis  into  a cavity  in  the  booster  and  docs  not  have  a barrier  between 
it  and  the  booster  when  in  the  unarmed  position, 
f The  ignition  element  consists  of  the  leads  molded  within  a phenolic 
plug  the  tophet-C  bridge-wire  0.00225  inch  in  diameter  and  0.075 
j^ch  long,  the  charge  ferrule,  and  the  ignition  charge  of  buttered 
i j mixture.  The  lead  wires  are  of  special  design,  a single  strand 
lead  wire  being  silver  soldered  to  a stranded  wire.  The  lead  wires 
must  be  able  to  withstand  considerable  twisting. 

The  base  charge  consists  of  PETN  pressed  at  2500  psi  in  the  gilding 
metal  cup. 

The  intermediate  charge  consists  of  DDNP/KCJO,  75/25  loaded 
Pressed  to  length  by  the  ignition  clement  at  assembly. 
Hectnc  Detonator  Mk  51  Mod  0.  The  ignition  element  consist*  of 

n nnnT*  ^TT^8  88  the  Mk  46  oxct‘Pt  that  the  bridge  wire  is 
ohm.,  A <u?hxCt~?  °f  ProPer  length  to  give  a resistance  of  2-6 
(See  fig^6  ) ; ■ yflTe8  single  strand  ail  the  way  through. 

loo^nd^™6^*  i8  undiluted  DDNP  which  is  loaded 

TltP  Knc  ^>rfS8e  ength  by  the  ignition  element  at  assembly. 

the  inform  rJ^V8  ^oac^e<f  m two  increments,  the  one  adjacent,  to 

Thiq  T»lor>  u 1 at  a lower  pressure  than  the  other. 

second  ht?  °T  a Ci  *ncrement  to  ignite  more  readily  while  the 

rt^,  ri  athi^r  Pr^ure,  gives  greater  output.  The 

process  no " 18  a,SO  drawn  S^mg  metal.  The  drawing 

in,  3:j0  ...  ",T'ttiITrFr°.(luIces  a CUP  having  a base  which  is  thicker  than 

this  point  Id  mdentation  in  the  base  reduces  the  thickness  at 

th«  tht.Ugyg.  ,'  0 ^1!68,801116  shaped  charge  effect  to  further  offset 
- — iter  Section  in  tne  oasa  of  the  cup 

J1Z  5r£**”“”  M6-  , <8~  %■  4-7)  Tho  Ignition  El. 

phenolic  i te oon^vT  ,°'  ““  Wire  loa<l9  "»««*  th 

5-inch  diameter  m chrome  bridge  wire,  th 
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Figure  4-6.  Electric  Detonator  Mk  51  Mod  0. 
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Figure  4-7.  Army  Electric  Detonator  M36. 

lili'T  charge  ferrule,  and  the  mercury  fulminate  priming  charge  loaded 
tii' rein. 

! he  intermediate  charge  consists  of  lead  azide  pressed  at  5000- 
60-  0 psj  jji  t.iie  gilding  metal  cup.  The  interior  of  the  cup  is  painted 
v>  i > a mixture  of  shellac  and  aniline  so  that  the  copper  will  not  be  in 
(ii;  -ft  contact  with  the  lead  azide,  with  which  it  is  not  compatible, 
in.  })ase  charge  is  PETN.  which  in  this  instance  is  loaded  at 
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In  put  CnaraciierisTsCT 

The  design  of  the  elect rir  detonator  for  input  requirements  does  not 
differ  from  that  of  the  electric  primer,  ns  the  input  requirement  resides 
in  the  ignition  dement  whose  construction  is  identical  for  both  items. 
Tile  factor  differentiating  detonators  from  primers' is  the  much  greater 
output  of  the  former.  The  necessary  design  data  and  practice  for 
the  electric  primer  is  covered  in  detail  in  section  3 of  chapter  3 (page 
3-22),  and  this  material  is  equally  applicable  to  the  design  of  the 
input  characteristics  of  the  electric  detonator.  The  reader  is  there- 
fore referred  to  that  section. 

Output  Characteristics 

General.  In  the  design  for  output  of  the  detonator,  there  are  two 
major  considerations:  ( a ) that  the  detonator  have  sufficient  strength 
to  initiate  the  next  train  item,  that  is,  the  totryl  lead-in  or  booster, 
and  (6)  that  the  fuze  he  safe  against  accidental  firing  of  the  lead-in  or 
booster  in  the  unarmed  position.  The  design  for  output  usually  fol- 
lows a system  of  eut-and-try  wherein  the  weight  of  base  charge  is  the 
major  variable.  The  cut-and-try  system  becomes  necessary  because 
at  present  it  is  not  possible  to  evaluate  the  factors  affecting  the  neces- 
sary output.  This  situation  is  partly  due  to  the  fact  that  the  power 
required  is  a function  of  the  environment  of  the  detonator.  For  in- 
stance, if  the  detonator  needs  to  fire  through  only  a thin  barrier  or 
short  gap  in  a smEill  volume  with  perfect  lead  alignment,  then  less 
output  is  necessary  than  when  firing  through  large  gaps  or  thick  bar- 
riers in  housings  of  large  volume  where  lend  alignment  is  not  good. 
Although  these  qualitative  effects  arc  well  known,  the  exact  quantita- 
tive definition  of  these  factors  has  not  been  established.  A more  de- 
tailed consideration  of  this  subject  is  given  in  section  3 of  chapter  8 
(page  8-11). 

There  usually  are  two  ignition  transfers  within  the  detonator:  from 
ignition  element  to  intermediate  charge,  and  from  intermediate  charge 
to  base  charge. 

Ignition  element  to  intermediate  charge.  The  intermediate  charge 
is  a highly  sensitive  explosive,  and  there  is  ordinarily  no  problem  in 
effecting  ignition  of  this  material.  It  will  be  noted,  however,  thui 
in  most  cases  the  intermediate  charge  is  londed  loose  and  pressed  i (’ 
ength  with  the  ignition  clement.  The  reason  is  not  to  facilitate  the 
initiation  of  this  charge,  but  rather  to  provide  a variable  length  o' 
charge  an  that  freedom  from  vacant  spaces  is  obtainable,  togeiin 
with  provision  of  room  for  forming  a good  crimp  around  the  detonate 
prug.  It  is  very  probable  that  under  these  loading  conditions,  ynaxi 
mum  efficiency  of  output  from  the  intermediate  chai  •ge  is  not  obtained 
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Highly  brisant  explosives  which  may  be  brought  rapidly  to  detona- 
tion over  very  short  lengths  should  be  used  for  this  charge.  The 
choice  should  be  made  on  this  basis  and  not  on  the  basis  of  the  various 


sensitivities  such  as  iempci  fiiure  or  ease  of  ignition  by  hot  wires.  For 
instance,  lead  stvphnate  is  more  sensitive  to  temperature,  static  elec- 
tric discharge,  or  ignition  by  hot  wire  than  is  lead  azide;  but  lead 
azide  would,  ail  other  factors  being  equal,  make  a better  choice  for  an 
intermediate  explosive  because  it  is  brought  to  detonation  more 
rapidly  than  is  lead  stypknate. 

Intermediate  charge  to  base  charge.  Detonating  the  base  charge 
and  obtaining  enough  power  therefrom  to  initiate  the  lead  or  booster 
is  slightly  more  complicated  than  the  ignition  of  the  'intermediate 
charge.  The  base  charge,  usually  being  a high  explosive,  is  per  se 
more  difficult  to  bring  to  detonation  than  the  other  materials  in  the 
detonator.  For  this  reason,  the  more  sensitive  high  explosives  (such 
as  PETN)  arc  usually  chosen  for  the  base  charge.  In  some  instances, 
the  loading  is  done  in  two  or  more  increments;  the  increment  to  be 
actuated  by  the  intermediate  charge  being  loaded  at  a lower  density 
to  facilitate  initiation,  while  the  other  increments  are  loaded  at  higher 
pressures  to  produce  higher  detonation  velocities  and  more  efficient 
output.  The  desirability  of  this  practice  is  questionable,  however, 
since  recent  tests  have  failed  to  support  the  assumption  that  a low 
density  base  charge  is  necessarily  easier  to  initiate. 

In  many  cases  the  base  charge  is  ‘loaded  in  a single  increment, 
which  ordinarily  has  a lower  density  than  the  final  increment  of  a 
multi-incremcr.t  loaded  base  charge.  This  type  probably  does  not 
give  as  high  a detonation  velocity  for  the  base  charge.  The  factors 
dictating  the  type  of  ioading  that  should  be  used  are  not  clear.  It  is 
probable  that,  where  the  weight  and  length  of  base  charge  are  fairly 
large,  it  is  more  efficient  to  use  the  increment  loading;  where  these 
are  small,  there  is  probably  little  to  be  gained  by  such  a loading 
procedure.  No  matter  which  technique  is  used,  the  usual  procedure 
is  to  select  a base  charge  weight  large  enough  to  effect  high-order 
initiation  of  the  lead  plus  enough  excess  base  charge  to  give  a reason- 
able surety  of  functioning,  but  not  large  enough  to  make  the  base 
charge  so  powerful  that  the  fuzs  is  unsafe  in  the  unarmed  position. 

i he  output  of  electric  detonators  may  bo  measured  by  sand  bomb, 
ll  'kinson  bar,  copper  block,  or  lead  disk  tests.  These  are  discussed  in 
sen ; on  2 of  chapter  9 , under  the  topic  ‘'Initiators  of  Booster  Type  Ex- 
Ph  ires  (Detonators  and  Leads)1'  (page  9-31).  In  general,  such  tests 
arc  ■ ! till  mp-noses  during  detonator  development 

Wo  and  for  purposes  of  specification  and  production  control,  rrelw- 
ina  dn fn  th«t  the  results  from  such  tests  maybe  of  value  m 
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councction  with  the  prediction  of  the  performance  of  detonators  fro® 
the  standpoint  of  initiating  leads. 

Section  4, — References 

Parenthetical  numbers  preceded  by  the  letter  "S”  are  Naval 
Ordnance  Laboratory  file  numbers. 

(1)  Ordnance  Drawing  No.  PX-7-30S,  Detonator  Loading  Data. 

January  15,  1944. 

(2)  Picatinny  Arsenal  Technical  Report  1450,  Compilation  of  Data 

on  the  Composition  of  Foreign  Primers  and  Detonators.  Sep- 
tember 28.  1944.  (S— 13728). 

(3)  NOLM  8850,  Instruments  for  Sensitivity  Testing  of  Flash  Type 

Initiatory  1,  Flash  Detonator  Tester  (torch  type),  2,  Flash 
Detonator  Tester  (gas  blast),  C.  J.  Zablocki.  November  22, 
1946. 

(4)  NOLM  10401,  Detonator  Test  Set  Mk  174  Mod  0 for  Sensitivity 

Comparison  of  Flash  Initiated  Detonators  (also  referred  to 
as  the  Oxy-Hydrogen  Flash  Detonator  Tester),  C.  J.  Zabiocki 
and  F.  W.  Hayward.  September  30,  1949. 

(5)  NA\ORD  Report  2110,  The  Relationship  Between  Sensitivity 

and  Loading  Pressure  for  Stab  Type  Priming  Mixtures,  by 
G-  U.  Graff  and  R.  T.  Skelton. 

S.6)  U.  S.  Army  Specification  No.  50-78-7,  Detonator  Loading  Assem- 
bly and  Packing.  November  7.  1946. 
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Delays,  as  used  in  missile  fuzes,  are  usually  employed  to  secure 
enhanced  damage  by  allowing  the  missile  to  penetrate  the  target  to 
the  optimum  depth.  They  may  also  be  used  in  a wide  variety  of 
applications  when  it  is  desired  to  have  one  operation  follow  another 
after  the  elapse  of  a preselected  time  interval. 

There  are  many  methods  of  securing  delays,  but  the  present  dis- 
cussion is  limited  to  delays  that  are  inhered  in  the  ignition  and 
burning  of  materials  incorporated  into  the  explosive  train.  Such 
materials  may  be  pyrotechnics,  propellants,  or  explosives,  depending 
on  the  delay  times  desired.  In  any  case  the  practical  delay  times 
obtainable  by  such  means  are  relatively  short,  normally  less  than 

a minute.  . . . 

Delays  that  depend  on  rates  of  burning  of  various  materials  are 

simple,  cheap,  and  impact , but  they  may  lack  the  precision  which 
is  obtainable  with ' mechanical  delays,  particularly  for  long  delay 
times.  In  general,  burning  delay  times  of  one  second  and  above  are 
reproducible  within  about  plus  or  minus  10  percent.  For  delay  times 
of  0.01  second  and  less,  the  dispersion  may  be  50  to  100  percent. 

Incorporated  in  the  explosive  train,  the  delay  may  be  a separate 
physical  unit  called  n delay  element,  or  u maj  ^ — m e 

case  where  it  is  inherent  in  the  ignition  and  burning  of  the  explosives 

Delavs  are  normally  incorporated  into  the  explosive  tram  m the 
form  of  a unit  called  a delay  element  or  delay  element  assembly. 
This  may  consist  of  a primer,  baffle,  delay  body  (con  aimn^  0 " 
material),  and  some  sort  of  auxiliary  chmgo  at  t c ermrna 
Hie  dolav  column  to  transfer  the  horning  impulse  to  the  ‘ 

the  train.  In  sneeific  instances,  one  or  more  o.  the above .item. may 
!,.  omitted.  The  auxiliary  charge  may  consist  of  a black jowde 
, arge.  a detonator,  or  of  some  other  explosive  charge,  pending  on 
tie-  requirements  of  the  next  item  in  the  tram.  This  charge  may 
: ;iv  not  be  loaded  into  the  delay  body  cavity.  /.lossified 

For  convenience  of  discussion,  delay  elements 
■nrdino’  ,o  the  ivne  of  delay  material  employed.  These  may  be 
c ignated  as  black  powder  delays,  gasless  delays,  and  delays  employ- 
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Section  I:  Block  Powder  Delay  Elements 

G«nerof 

Black  powder  has  been  !»»»!<>>  «n.i  «;.{<»!«-  1(..,.,t  .,  .>«.,..  ...  , . , 

Its  popularity  may  bo  largely  i»Uiibute<!  to  »»*  g,M*l  drv  'iurwilhinre 
characteristics,  its  case  of  ignition,  it ^ u.,,!,.  availability  in  ■•4..,-jv  >..r:i'Vi 
quality  and  granulation,  its  rase  of  loading,  and  it*  versatility  from 
the  standpoint  of . -ay  tones  obtainable.  By  proper  cojtJroj  of  avail- 
able variables,  ii  is  practical  to  obtain  delay  times  of  from  } milli- 
seconds to  1 rnimiio  ti-JtJ,  il»;^  „,.,4 • j 

muck  powder  produces  puses  on  burning,  and  lh««  burning  rate  is 
affected  oy  pressure.  Hence  the  disposition  of  the  gases  is  a primary 
consideration  in  the  design  of  a black  powder  delay.  If  the  gases  are 
confined  and  not  allowed  to  escape,  the  delay  element  is  said  to  he 
obturated,  while  if  the  gases  are  allowed  to  escape  the  delay  element 
i°  said  to  he  vented. 

Black  powder  delay  elements  may  he  further  classified  as  column 
and  ring  types,  depending  on  the  shape  of  the  delay  cavity  containing 
the  black  powder. 

A detailed  discussion  of  the  various  types  is  presented  in  the  follow- 
ing paragraphs. 

Obturated  column  type.  Examples  of  the  obturated  column  type 
°i  delay  element  are  shown  in  figure  5~1,  parts  A and  B.  These  and 
other  obturated  column  delay  elements  are  presented  in  greater  detail 
in  figures  5-2  to  ;>-10  inclusive.  The  firing  pin  {fig.  o-l  f part  A)  on 
cing  actuated,  fires  the  percussion  primer,  which  spits  into  the  ex- 
pansion chamber  and  ignites  the  delay  column  without  rupturing  the 
p.nnei  cup.  a he  column  burns  cigarette  fashion,  the  gases  being 
luiti  m the  expansion  chamber,  the  primer  cup,  and  the  burned  out 
part  of  the  delay  column.  At  the  terminal  end  of  the  column,  the 
burning  black  powder  ignites  tlm  r«h.v 

x ne  cnaract, ensues  of  this  type  of  delay  column  m«v  be  sum- 
marized as  toll  owe.- 

..  Ka)  *17nc  " : ,l  !‘u  second  to  0.40  second.  (The  upper  limit 

fhls ^ rcPresen,s  general  practice;  however,  it  is  possible  to  exceed 


t.n  f ' B^nas  vide  application  in  contact  initiated  projectile  am 

v,J  Tt'T  ? not“.,t‘ie  armor  piercing  and  non-armor  piercing  types. 

in  \*  "u‘\‘a,-a£“s-  Simple,  reliaolc,  accurat  e.  Not  affected  bv  change 
- ““•"'■■Hucut:  pressure. 

(d)  Disadvantages:  Narrow  time  range. 
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Figure  5-1.  Various  Types  of  Delay  Elements  and  Delays. 
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Figure  5-3; 

Delay  Type:  Column ; Obturated;  Without  Baffle. 

Time:  0.33  (+0.05  —0.03)  see ond. 

Loading:  0.09  Gram  D-55  Black  Powder,  Loaded  in  Place  in  3 Equal  Increments 
at  65,000  pti. 

Application:  Navy  Bomb  Faxes  Mk  XXI  Mod  2 and  Mk  XXIII  Mod  2.  BvOrd 
Drawings  234553  and  234554. 
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Figure  5-4: 

Delay  Type:  Column/  Obturated,  With  Baffle. 

T/me:  0.010  (+0.002  —0.0015)  Second. 
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A"?0 toi?  a°mb  Fm  Ml  ™ °~l  m »*•  a,£W  Drawing.  206618  am/ 
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OBTURATED  PRIMER 
STRAIGHT  SKIRT  OR 
KON-FLANGE  TYPE 

BODY 


EXPANSION  CHAMBER 

PELLET  RETAINER 
DELAY  PELLET 
PELLET  CONTAINER 
ACCELERATING  CAVITY 


Figure  5-5: 

Delay  Type:  Column / Obturat'd , Without  Baffin. 

77m#:  0.010  Second. 

Loading:  0.055  Gram  A-5  Black  Powder,  Loaded  In  Place  in  Single  Increment  at 
60,000  ptl. 

Application:  Army  Base  Detonating  Fuze  M68.  Army  Ordnance  Drawing  73-2-181. 
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Figure  5-6: 

Delay  Type:  Column Obturated/  Without  Baffle. 

Time: 

0.010  Second. 

.025  Second. 

.100  Second. 

Loading: 

0.005  Gram  A-S  Black  Powder. 

•01 4 Gram  A-S  Black  Powder. 

.066  Gram  A-S  Black  Powder. 

3 — ”■  ">  * ■»*«  ...  ifi.fgle  Increment  at  6G,GGG  pti. 

Application:  Army  Bomb  Fuze  AN-M100AZ  Amy  Ordnance  Drawing  73-8-3. 
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FIRING  PIN 
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STRAIGHT  SKIRT  Off 
NON-TLANGE  TYPE 

PRIMER  HOLDER 
BAFFLE 

EXPANSION  CHAMBER 
.125 

PELLEY  CONTAINER 

DELAY  PELLET 
ACCELERATING  CAVITY 
RELAY  DETONATOR 


Figure  5-7: 

Delay  Tva»;  Column/  Obturated/  With  Baffle. 

Time: 

0.05  Second. 

.15  Second. 

Loading: 

0,033  Grata  A— 5 Black  Powder. 

.046  Gram  Black  Powder  (Approx.  80  Percent  Slow  Burning  Black  Powder 
and  20  Percent  Fuxe  Powder  Type  /)• 

Each  Loaded  In  Place  In  Single  Increment  at  60,000  psi. 

Application:  Army  Point  Detonating  Fuze  M48A2.  Army  Ordnance  Drawing 
73-2-14SA. 
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Figure  5-8; 

Delay  Tjpe:  Column,  Obturated/  Without  Baffle.  / ■■  > 

TF«i«;  0.04  fo  0r06  Second. 

Loading:  0.032  Gram  A- 5 Black  Powder,  Loaded  In  Place  In  Single  Increment 
at  125,000  pti. 

■ Application:  Army  Bate  Detonating  Fuze  M60.  Army  Ordnance  Drawing  7 3 21 65, 
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Figure  5-1 0: 

Delay  f ype:  Column / Obturated;  Without  Baffle. 

Time:  0.25  Second. 

Loading:  0.111  Gram  D“55  Biack  Powder,  Loaded  in  Place  in  3 Equal  increments 
at  65,000  psi. 

Application:  Experimental  (XF3-B).  NOL  Sketch  B 7639. 


Vented  column  type.  An  example  of  this  type  of  delay  is  shown  in 
figure  5-1,  part  C.  The  construction  and  functioning  is  very  similar 
to  that  described  under  the  obturated  column  type  except  that  a 
vent  is  provided  for  the  escape  of  the  primer  and  delay-column  gases. 
T fi’s  type  has  the  following  performance  characteristics. 

{c)  Time  range:  0.50  second  to  10.0  seconds.  (These  limits  repre- 
sent. general  practice  as  controlled  by  physical  size.  Actually,  the 
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limits  arc  probably  0.01  second  to  Delay  times  between  0.01  and 
0.50  second  are  better  obtained  with  the  obturated  column  type.) 

(b)  Use:  At  present  its  application  is  restricted,  and  it  probably 
finds  its  greatest  use  for  fixed  time  aerial  bursts,  as  in  flares. 

( c ) Advantages:  Broad  time  range,  simple. 

(d)  Disadvantages:  Sealing  problem,  needs  large  venting  Volume, 
tends  to  fail  to  ignite  the  relay  detonator  unless  carefully  designed 
and  loaded. 

Bing  type  delays.  An  example  of  thu*  type  is  shewn  in  figure  5-1, 
part  D.  King  type  delays  are  used  mostly  in  time  fuzes  for  aerial 
bursts  where  long  adjustable  delay  times  are  desired.  Such  a time 
fuze  is  shown  in  figure  5-11.  Another  similar  fuze  of  this  type  (not 
shown)  has  a time  train  of  45  seconds  duration.  As  used  in  this  type 
of  fuze,  the  powder  is  pressed  directly  into  the  metal  component 
(powder  ring)  of  the  fuze  at  65,000-75,000  psi,  then  the  powder  ring 
and  the  powder  are  machined  to  given  dimensions.  This  operation 
insures  true,  even  surfaces  of  the  powder  and  the  metal  ring.  After 
facing,  a shellacked  paper  disk  is  applied  over  the  powder.  At  as- 
sembly a felt  obturating  washer  is  placed  between  the  powder  rings, 
as  felt  does  not  sustain  combustion,  but  merely  chars  from  heat. 
This  type  of  delay  is  becoming  obsolete  and  is  being  replaced  by  me- 
chanical timing  mechanisms.  How'ever,  the  principle  of  the  ring  type 
powder  train  could  conceivably  be  used  to  advantage  in  other  delay 
elements. 

This  type  of  delay  has  the  following  performance  characteristics. 

(а)  Time  range:  1.0  second  to  45  seconds.  (Limits  represent  gen- 
eral practice  as  controlled  by  tactical  needs.  Actual  limits  are  prob- 
ably 0.5  second  to  <°.) 

(б)  Use:  Formerly  had  wide  application  for  aerial  burst  fuzes  es- 
pecially antiaircraft  projectiles  and  in  demolition  devices.  Largely 
supplanted  by  clockwork  because  of  deterioration  problems  and  vari- 
ation  of  time  caused  from  changes  in  atmospheric  pressure  along 
projcctil"  trajectory. 

(c)  Advantages:  Broad  and  adjustable  time  range. 

(d)  Disadvantages:  Sealing  problem,  timing  affected  by  changes  in 
ni  rnospheric  pressure,  expensive,  bulky,  expensive  loading  tools,  con- 

iuerabie  heat  evolution. 

Pressure  type  delays.  The  pressure  evolved  by  burning  black  pow- 
' r can  be  utilized  to  give  delays  m the  order  of  0.001--0.006  second. 

:;,h  times  are  normally  difficult  to  obtam  a nth  black  powder  delays 

1 1 ich  burn  in  train  or  cigarette  fashion,  ihe  principle  involves  a 

Pul  build-up  in  pressure  which  terminates  by  rupturing  a u»ok  w 
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diaphragm.  Designs  based  on  this  system  can  be  obturated  or  non- 
obtiirated  (vented).  An  example  of  such  a delay  is  shown  in  figure 
5—1 , part  E. 

This  particular  delay  is  non-obturated  and  employs  a stab  type 
primer.  Other  essential  features  are  a baffle,  a throttling  orifice,,  a 
lightly  pressed  powder  charge  and  a rupture  diaphragm.  In  opera- 
tion, the  powder  charge  is  ignited  through  the  throttling  orifice  (0.035 
inch  diameter);  and  the  charge,  being  lightly  pressed  (4000  psi  ap- 
prox.), burns  as  a mass  rather  than  in  train  fashion.  Tire  gases  ob- 
viously flow  hack  through  the.  throttling  orifice  but  are  sufficiently 
retarded  to  permit  a pressure  build  up  which  ruptures  the  diaphragm. 
This  delay  clement,  which  has  been  successfully  tested  in  a nose  fuze 
for  British  2 Pounder  A A Ammunition  is  showm  iD  greater  detail 
in  figure  5-12. 

Another  form  of  pressure  type  delay  element  is  shown  in  figure  5-13. 
This  delay  element  was  designed  for  a Navy  experimental  fuze  to 
provide  a delay  of  about  0.004  second.  It  is  similar  to  the  delay 
shown  on  figure  5-12,  but  the  housing  is  provided  with  four  radial 
holes  and  connecting  slots  leading  from  the  interior  to  a space  in  the 
fuze.  This  venting  is  for  the  purpose  of  relieving  the  pressure  of  the 
exploding  primer  which,  due  to  its  proximity  to  the  powder  charge, 
would  otherwise  cause  instantaneous  action  of  the  delay. 

It  may  bo  mentioned  that  the  primers  used  in  the  delay  elements 
shown  in  figures  5-12  and  5-13  are  of  about  equal  strength  although 
loaded  with  different  mixtures.  However,  because  the  assembled 
position  of  the  primer  in  the  former  is  comparatively  remote  from  the 
powder  charge  and  in  such  a position  that  sufficient  space  in  the  fuze 
is  afforded  for  expansion,  the  disruptive  action  of  the  primer  is  so 
diminished  that  no  special  provision  is  necessary  for  relieving  the 
pressure  of  the  primer. 

The  critical  features  of  the,  pressure  type  delay  are: 

(а)  Brisance  of  the  primer. 

(б)  Diameter  of  the  throttling  orifice. 

(c)  Strength  of  the  rupture  diaphragm. 

(d)  Loading  pressure  of  the  powder. 

A correct,  balance  between  these  features  is  necessary  for  proper 
functioning.  No  design  data  are  available  for  the  predetermination 
of  the  above  values  except  such  as  have  been  compiled  during  the 
1 ’ Velopment  of  the  two  delays  mentioned.  A delay  element  of  this 
i ' pc  is  frequently  designed  to  conform  to  a fuze  already  in  use  in 
1 liieh  very  little  change  can  be  tolerated.  As  a result  of  this  practice, 

'•  several  parts  inn  v take  on  various  shapes  and  sizes.  However, 
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FUZE  PLUNGER  VENTED 
TO  ALIGN  Wi7H  VENTS 
IN  DELAY  HOUSING  - 
(4  HOLES) 
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Figure  5-13: 

Delay  Type:  Pressure/  Vented/  With  Baffin. 

Tima:  0.002  to  0.006  Second. 

Loading:  0.073  Gram  A- 5 Black  Powder,  Loaded  In  Plate  In  Single  Increment  at 
5,000  ptl. 

Application:  Nary  Experimental  Racket  Fate,  NOL  Sketch  154417. 

llio  two  delays  illustrated  serve  as  a general  guide  for  future  design 
problems  (refs.  (2)  and  (3)). 

The  performance  characteristics  of  this  type  of  delay  may  be 
-irnmarized  as  follows. 

(a)  Time  range:  0.0005  second  to  0.01  second.  (Limits  represent 
- uoral  practice.  Actual  practical  limits  are  probably  0 second  to 
' 1 *0  second.) 
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(b)  Use:  Applicable  to  time  delays  below  0.0 i second,  times  \s  hich 
cannot  be  obtained  with  any  type  black  powder  delay.  Appli- 
cable to  projectile  bomb  or  rocket  fuzes. 

(c)  Advantages:  Very  short  delay  times,  simplicity,  compactness. 

(d)  Disadvantages:  Great  care  needed  in  designing  and  loading. 

Construction  of  Components 

All  types  of  black  powder  delays  are  made  up  of  various  combina- 
tions of  the  following  components: 

Delay  Body  Primer  Holder  Baflle 

Black  Powder  Primer  Relay  Detonator 

Charge  Firing  Pin  Disks 

Pellet  Support 

In  general  (pressure  type  excepted),  to  utilize  black  powder  as  a 
delay  device  some  provision  must  be  made  to  confine  the  burning  to  a 
single  surface  and  guard  against  ignition  of  the  entire  surface  of  the 
powder  pellet  simultaneously.  This  is  usually  accomplished  by  secur- 
ing the  pellet,  column,  or  train  in  a metal  body,  the  junction  of  the 
■ lwu  uemg  a very  close  fit.  a*  is  obtained  by  a pressing  operation.  A 
percussion  primer  is  secured  to  this  body,  or  in  relation  to  it,  by  some 
method  such  as  screw  threads  or  crimping. 

The  primer  housing,  usually  called  the  primer  holder,  may  contain 
a firing  pin  or  merely  a hole  through  which  to  receive  one  when 
mounted  in  a fuze  or  other  similar  device.  The  function  of  the  primer 
and  firing  pin  is  to  igmte  the  black  powder  column  or  train  at  its 
exposed  surface.  At  the  terminal  end  of  the  black  powder  train  a 
detonator  or  relay  detonator  is  mounted  in,  or  in  fixed  relation  to,  the 
delay  body,  usually  by  a crimping  process.  The  function  of  the  deto- 
nator is  to  receive  flame  from  the  black  powder  train  and,  by  its  own 
initiation,  cause  the  device  to  function  in  its  entirety. 

Delay  body.  Tne  delay  body  (pellet  container)  and  powder  ring  are 
made  of  commercial  brass  wherever  possible  because  of  its  ease  of 
machining.  In  cases  where  severe  shock  conditions  are  to  be  en- 
countered or  very  thin  sections  are  required  as  necessitated  by  space 
limitations,  the  practice  is  to  use  naval  brass  or  stainless  steel. 

In  obturated  delays,  an  expansion  chamber  is  provided  at  the 
primer  end  of  the  body  to  cushion  the  shock  of  the  primer  gases  and 
prevent  excessive  ouild-up  of  pressure  as  the  delay  pellet  is  burning, 
i no  such  chamber  were  provided,  the  high  pressure  would  tend  to 
l.  ) rupture  the  primer  cup  and/or  burst  the  assembly  thus  destroying 
^a*1<M1,  allc|  (2)  crach  the  powder  pellet  and  move  it  ns  a piston 
. wu,tive  Uj  the  body,  permitting  blow-by  with  resultant  erratic  times, 
me  bore  of  the  body  for  column  type  deSavs  is  drilled  and  then 
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reamed  to  a tolerance  of  0.0002-0.0004  inch.  A smooth  hole  in  the 
bore  and  concentricity  between  the  bore  and  the  expansion  chamber 
within  close  limits  are  necessary  to  facilitate  the  use  of  a close-fitting 
loading  ram  and  to  obtain  correct  axial  alignment.  Otherwise,  it 
would  be  necessary  to  align  the  loading  ram  with  the  bore.  These 
precautions  help  to  insure  a sturdy  pellet  of  uniform  lateral  density 
which  fits  so  close  to  the  bore  as  to  minimize  blow-by  possibilities. 

Visual  inspection  of  the  surface  of  the  bore  with  a magnifying  glaks 
should  disclose  no  tool  marks  or  scratches  running  in  an  axial  direction, 
as  these  are  conducive  to  hlow-bys. 

Circumferential  tool  marks  are  not  considered  serious  except  where 
their  size  is  such  that  the  powder  may  be  pinched  between  them  and 
the  ram;  in  this  case,  ignition  may  occur  during  the  loading  process. 

Sharp  edges  (no  burrs)  are  desirable  at  the  ends  of  the  bore.  Since 
loading  is  effected  from  the  primer  end  in  most  cases,  the  pellet  is 
usually  flush  with  the  detonator  end  of  the  bore;  any  significant  radius 
here  tends  to  cause  a lateral  plane  of  weakness  through  the  pellet 
with  a tendency  for  a small  portion  to  flake  off,  thus  causing  an 
imperfect  pellet.  If  an  excessive  radius  exists  at  the  r&rn  end  of  the 
bore,  the  powder  charge  will  sift  out  under  the  funnel  and  be  subject 
to  initiation  by  the  pinching  action  of  the  ram  end. 

It  is  necessary  to  maintain  the  body  surfaces  at  the  ends  of  the  bore 
at  right  angles  to  the  axis.  This  practice  insures  proper  seating  of  the 
loading  funnel  and  the  pellet  support  at  the  terminal  end.  (See  figs. 
5-14  and  5-15.) 

The  delay  body  for  the  pressure  type  delay  is  less  critical  as  regards 
bore  diameter  and  sharp  edges  at  the  ends  of  the  bore. 

A tolerance  of  +0.001  to  +0.002  inch  on  the  diameter  is  satisfactory 
since  blow-by  of  the  primer  gases  is  not  critical  with  this  delay. 
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Slight  flaking  of  the  pellet  is  not  serious,  since  the  accuracy  of  (he 
burning  time  does  not  depend  upon  the  effective  length  of  the  pellet. 

Pellet  construction  and  loading.  Pellet  construction  is  critical  and 
should  be  given  careful  thought.  All  obturated  column  type  delays 
should  have  an  "accelerating  cavity"  formed  in  the  terminal  si«d  by 
usiug  a projection  on  the  loading  tool  base.  This  cavity  usually  takes 
the  form  of  a truncated  cone  and  serves  the  important  purpose  of 

LOADING 

(AM 

FUNNEL 


SLEEVE 

DELAY 

BODY 

ANViL 


BASE 


Figure  5-15.  Typical  Loading  Tool. 


increasing  the  area  of  the  burning  surface.  This  shape  gives  a final 

spurt  to  the  flame  and  helps  to  insure  good  ignition  of  the  succeeding 
element  in  the  train. 

The  cone  is  designed  with  enough  draft  to  permit  easy  withdrawal 
o e oa  mg  tool  base  without  flaking  off  a portion  of  the  pellet. 

if  836  diameter  must  not  be  so  large  as  to  seriously  reduce  the 
pe  e support  surface  and  allow  the  pellet  to  shift  axially  under  gas 
pressure  y crushing  of  the  terminal  end.  The  truncated  shape  is 
u ilized  to  facilitate  tool  manufacture  and  obtain  a closer  tolerance 
on.  e.  0 tb®  accelerating  cavity.  A close  tolerance  is  espe- 
cialiy  important  in  the  case  of  -.hort  delays  of  about  0.01  second 
time.  (See  fig.  5-1 6.) 

J— 1 l0adi,ng  ^ne  delay  column  is  utilized  to  obtain  a more 

or  1™  aensity ^throughout.  Pellets  with  a 1/d  ratio  equal  to  one 
for  ™ USUaUy  loaded  with  8 single  increment.  The  upper  limit 

iwSS'imrT“- iS,I/d=2’ Wilh  thc  ™»  being  i/d=1 .5. 

tioB  " !*♦  ? 19  d sslfable  to  minimize  blow- through  possibili- 

terrni^ri  0l.  itiU  L°  mcrcase  when  the  pellet  is  too  soft  toward  the 
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The  top  of  the  delay  column  should  always  be  loaded  below  flush, 
say  at  least  0.02  inch,  to  compensate  for  expansion  after  removal  of 
the  loading  pressure. 

The  action  of  the  loading  ram  end  causes  a glazed  condition  of  the 
black  powder  surface  of  all  increments.  This  glaze  is  somewhat 
resistant  to  flame  and  in  some  few' .cases  it  may  be  found  desirable  tc 
roughen  the  primer  end  of  the  column.  The  glaze  between  incre- 
ments is  usually  not  as  detrimental,  although  it  does  causes  some- 
what intermittent  burning  or  puffing  as  the  flame  transfers  from  one 
increment  to  the  next.  In  the  event  that  trouble  is  experienced  with 
extinction  between  increments,  a step-type  loading  ram  (fig.  33-17) 


DELAY  BODY 


ACCELERATING 

CAVITY 


RELAY 

DETONATOR 


Figure  5-7 6.  Position  of  Accelerating  Figure  5-17.  Step  Type  Loading 
Cavity  in  Column  Type  Obturated  Ram. 

Delay.  • 

can  he  used  to  advantage  (See  fig.  5—17).  Serrated  or  waffle  type 
ram  ends  are  impractical  because  of  the  small  diameters  involved. 

The  use  of  a step  type  ram  increases  the  area  of  contact  between 
increments  and  offers  a better  chance  of  flame  transfer.  Little  or  no 
use  will  be  found  for  methods  of  overcoming  the  difficulties  resulting 
from  the  glazed  condition  in  column  obturated  delays,  since  the  gas 
pressure  is  usually  sufficient  to  overcome  the  reluctance  of  these 
surfaces  to  accept  flame.  Wide  use  of  these  methods  may  be  found 
with  the  column  vented  type  where  little  pressure  exists.^  With  this 
type,  intermittent  puffing  between  increments  is  readuy  observed 

because  the  smoke  issues  from  the  vent  in  puffs. 

Venting  arrangements.  The  purpose  of  vents  is  to  release  the  gases 
produced  by  the  burning  powder,  thus  allowing  burning  at  a lower 
pressure  and  consequently  at  a lower  rate,  ^he  vents  are  often  86  6 
° plugged  before  the  delay  element  is  assembled  in  order  to  pro  ec 
’ " element  from  adverse  atmospheric  conditions  and/or  to  facilitate 
t ignition  of  the  powder.  If  the  vent  is  not  sealed,  the  requirement 
(i  "Urcty  of  ignition  of  the  black  powder  column  by  the  primer 
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limit  the  size  of  the  vent,  wl‘  •*-  in  turn  limits  the  amount  that  t ho 
burning  rate  can  be  slowed  down  to  conserve  space  (ref.  (1)).  If  the 
vent  is  too  large,  difficulty  may  be  experienced  in  transferring  ignition 
from  the  delay  column  to  the  relay  detonator  or  to  whatever  item 
comes  next  in  the  explosive  tram.  Another  difficulty  which  may 
arise  is  the  problem  of  disposing  of  the  gases  which  are  exhausted 
through  the  vent. 

Any  sealing  of  the  vent  should  be  broken  as  the  primer  is  initiated ; 
therefore,  the  seal  cannot  be  too  seour 
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figure  5—18.  Two  Methods  of  Sealing  the  Vent. 

methods  of  sealing  that  have  been  tried.  Method  A is  a seal  that 
may  be  used  successfully  in  some  cases  depending  largely  upon  the 
physical  dimensions  of  the  delay  body  or  housing.  This  method  has 
been  found  to  be  unsatisfactory  in  delays  of  approximately  7 seconds 
housed  in  bodies  of  0.310  inch  diameter  using  D-55  powder.  The 
spool  was  necessarily  small,  and  the  resulting  clogging  of  the  ports  by 
the  residues  from  the  burning  powder  caused  short  delay  times. 

The  seal  labeled  method  B in  figure  5-18  is  preferred ; under  optimum 
conditions  the  solder  would  be  expelled,  by  the  heat  and  pressure  of  the 
primer  alone,  simultaneously  with  the  ignition  of  the  powder  train. 
A solder  that  requires  additidnal  pressure  and  heat  from  the  burning 
time  train  causes  shorter  times  when  the  delay  is  functioning  at  low 
temperatures  (such  as  —65°  F).  An  encouraging  degree  of  success 
has  been  obtained  with  this  seal,  although  the  optimum  solder  compo- 
sition has  not  been  determined.  Figures  5-19  and  5-20  indicate  the 
trends  of  burning  times  for  delay  elements  with  sealed  vents  and  with 
open  vents.  A solder  of  240°  F melting  point  was  used  in  the  sealed 
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vents.  Its  any  ease,  the  vent  should  not  be  too  large,  since  it  will 
tend  to  exhaust  the  primer  gases  excessively  before  ignition  of  the 
delay  column  occurs  (ref.  (1)). 

The  physical  construction  of  the  device  in  which  the  vented  delay 
is  assembled  may  present  a serious  problem,  since  interference  with 
the  free  discharge  of  exhaust  gases  causes  shortened  burning  time. 
Very  few  data  are  available  on  the  relationship  between  the  burning 
time  and  the  volume  provided  for  the  entrapment  of  gases.  However, 
a limited  number  of  tests  have  been  conducted  on  7-second  rented 


9 

0 

L x 

9 

LORDING  DATA 


SO*  GRAM  OS5POWOER.  9 EQUAL  INCREMENTS 
PRESSURE  • 65,000  PSI 
DIAMETER  OF  POWDER  COLUMN  *.125  INCH 

delay  vented  to  atmosphere  through 

.070  DIAMETER  HOLE  INITIALLY  FILLED 
WITH  SOLDER  (MR  *2*0*  F) 

TEMP 


— SO  ' 

+ 75* 
+■160* 


NUMBER  OF  SAMPLE j 
TESTED 

6 

S 

10 


0 • EXTREME  TIME  AT  GIVEN  TEMPERATURE 
X ■ AVERAGE  TIME  AT  GIVEN  TEMPERATURE 


-83 


-60 


-55 


-10 


♦ 15 


♦ AO 


♦ 65 


♦ 90 


+ 165 


TEMPERATURE  ( DEGREES  F > 

Figure  $-19.  Burning  Time  vs.  Temperature , Solder  Sealed  Vent  in  Delay 

Element. 


delays  enclosed  in  gas  tight  chambers  of  different  volumes.  The 
results  of  these  tests  are  shown  graphically  m figure  5-21.  Tue  in- 
dications are  that, 'to  prevent  appreciable  shortening  of  the  delay  time, 
a chamber  volume  of  30  to  40  cubic  inches  would  be  necessary  for  the 

exhaust  from  this  particular  delay  (ref.  (1)). 

Pellet  support.  Since  any  displacement  of  the  black  powder  pel  et 
relative  to  the  pellet  bore  (body)  is  likely  to  cause  blow-bys,  some 
moans  must  be  provided  to  secure  the  pellet  against  the  pressures 
do  “loped  during  burning.  Side-wall  friction  between  the  pressed 
pei'-t  and  the  bore  is,  of  course,  always  present;  however,  its  limjta- 
usnsHy  makes  necessary  an  additional  means  of  support,  inis 
is  sufficient  in  itself  during  the  initial  stage  of  pellet  combus- 

.9  11a  * nn/i 


til 

f 


ii'1 

tlr 


m 

pc* 


however,  ii  imtursuiy  disappears  ,,lG 
is  loft  when  the  pellet  approaches  a wafei , eoiiurtum. 
i were  unsupported,  the  last  portion  oi  it  wouiu  oe  oioyiu  imougn. 


cc.  JRDENTiAL 


» i 


-sa- 


il 


5-23 


jamiKBsi 


Mf  V :•■■  .*> ';'  :„.!£ ... 


ORDNANCE  EXPLOSIVE  TrAjH 
DESIGNERS’  HANDBOOK 


CONFIDENTIAL 
SECURITY  INFORMATION 


In  order  to  prevent  initial  or  later-stage  displacement  of  the.  peilei. 
the  pellet  support  is  included.  This  component  is  merely  a flat 
metal  surface  held  tightly  against  the  terminal  end  of; the  powder 
pellet  and  having  a hole  of  somewhat  lesser  diameter  than  the  pellet. 
The  outer  edge  of  the  support  extends  across  the  aft  surface  of  the. 
delay  body,  or  container.  Pellet  supports  are  either  washers  or 
inverted  machined  cups.  The  material  is  usually  stainless  steel, 
brass,  or  dural.  Two  types  of  pellet  supports  arc  shown  m figure  5-22 
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Figure  S-22.  Pellet  Support i. 

Since  unobturated  (vented)  delays  have  little  pressure  build-up,  the 
pellet  support  is  not  as  important;  in  some  cases  it  may  possibly  be 
omitted. 

The  pellet  support  is  usually  assembled  after  the  loading  of  the 
nelay  column;  therefore,  the  necessity  for  true  surfaces  on  the  termi- 
dal  end  of  the  delay  body  and  the  surface  of  the  support  can  be  seen. 
The  reason  for  loading  from  the  primer  end  .of  the  delay  column 
now  becomes  apparent.  It  insures  flushness  of  the  delay  column, 
permitting  a good  contact  with  the  pellet  support. 

Primer  holder.  The  primer  holder  serves  to  (a)  close  the  forward 
end  of  the  delay  element,  (6)  house  the  primer,  and  (c)  to  hold  the 
firing  pin,  if  an  integral  pin  is  utilized. 

Materials  and  reasons  for  their  selection  are  the  same  ns  those  for 
the  delay  body.  Mounting  to  the  body  can  be  effected  by  force 
fit,  crimping,  or  screw  threads.  The  last  named  process  is  most 
widely  used  and  preferable,  no  doubt,  since  it  minimizes  leakage 
in  the  case  of  the  obturated  delays.  Although  somewhat  more  expen- 
sive, the  results  are  considered  well  worth  the  difference. 

The  only  critical  details  pi  this  component  are  the  contour  of  the 
cavity  which  accepts  the  drown  of  the  primer,  and  the  diameter  of 
the  hole  to  admit  the  firing^pin  along  ivith  the  radius  of  the  corner  of 
this  hose  where  it  intersect# the  crown  cavity. 
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The  crown  cavity  of  the  primer  holder  should  follow  the  primer 
contour  and  he  reasonably  close  to  it,  say  a few  thousandths  of  an 
inch  clearance.  The  need  for  this  detail  can  readily  be  seen  since 
the  primer  cup  is  necessarily  thin  for  sensitivity  reasons  and  requires 
support  to  prevent  rupture  from  the  internal  gas  pressure  evolved 
during  the  burning  of  the  delay.  In  the  case  of  the  non-flange  primer, 
the  crown  cavity  serves  the  additional  purpose  of  permitting  the 
primer  cup  to  form  to  the  cu  Tty  walls  thus  effecting  a gas  seal  or 
obturation  by  virtue  of  the  expansion  of  the  primer  cup  by  the  internal 
pressure. 

Possibly  more  critical  are  the  physical  characteristics  of  the  hole 
which  admits  the  firing  pin.  If  the  hole  is  too  large  an  excessive 


L—  flange  primer 


FIRING  pin 1-4— ' H ft— RADIUS 

CAVITY 


CLEARANCE 


Fiqvre  5-23.  Primer  Holder  Detail • 

amount  of  primer  cup  area  is  in  an  unsupported  condition  much  is 
definitely  conducive  to  blow'-backs  through  the  cup  met-ai.  Close 
attention  must  be  given  to  the  corners  of  this  hole  at  its  intersection 
with  the  crown  cavity.  There  must  be  sufficient  radius  to  prevent 
any  sharp  edges  from  acting  as  a die  which  tends  to  allow  the  gas 
pressure  to  cut  out  a disk  from  the  crown  of  the  primer  cup.  (>~  e 
fig.  5-23.) 

Finally,  sufficient  clearance  between  the  top  of  the  crown  cavity 
and  the  top  of  the  primer  cup  must,  be  maintained  at  assembly  to 
prevent  any  undue  assembly  pressure  on  the  primer  cup,  w 1C1 
cause  deformation  and  fracture  of  the  explosive  chnigc  int  e primer. 

Primer  holder  design  is  less  critical  with  the  vented  delays,  since 
interna!  pressure  on  the  primer  cup  crown  is  less  and  a puncawea 
pi  utter  cup  has  less  effect  on  the  performance. 

Primer.  Primers  used  in  the  delay  elements  are  usuady  of  a 
Mi.  lard  variety.  The  thorp)  woiplit  should  not  bo  so  groat  os  t 
cr  ■■  deformation  of  the  delay  element  metal  components  nhen 
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fired  Charge  weights  employed  usually  range  from  19  to  26  milli- 
grams. Vented  delays  (fig.  6-1,  parts  C and  D)  can,  of  eourse,  em- 
ploy non-obturated  primers,  which  are  usually  considerably  more' 
violent  than  the  obturated  types.  The  main  precaution  to  bo  ob- 
served in  this  instance  is  to  guard  against  serious  deformation  of  the 
delay’s  components  and  pellet  or  ring  train. 

Two  general  types  of  primers  are  now  in  use,  the  flange  type  arid 
the  non-flange  type.  (See  fig.  5-24)  Obturation  is  effected  with 


PR5M6R  MIXTURE 
CLOSURE 
ANVIL 
CUP 

FLAN9E  TYPE  NON-FLANOE  TYPE 

Figure  5-24.  Two  Types  of  Primers. 

the  flange  type  by  compressing  the  flange  tightly  between  two  flat 
metal  surfaces,  such  as  the  body  and  the  primer  holder,  as  well  as 
by  the  expansion  .of  the  primer  cup  against  the  walls  of  the  primer 
cavity.  The  non-flange  type  depends  entirely  upon  the  internal  gas 
pressure  expanding  the  primer  cup  against  the  walls  of  the  primer 
cavity  in  the  primer  holder.  The  non-flange  type  is  cheaper  to 
manufacture;  however,  the  flange  type  permits  a better  sealing  of 
the  deiav  element  against  atmospheric  moisture. 

Since,  as  pointed  out  before,  the  primer  cup  must  be  relatively,  thin 
for  purposes  of  sensitivity,  measures  must  be  taken  to  prevent  its 
rupture  when  deformed  by  the  firing  pin  and  when  expanding  to 
meet  the  walls  of  the  primer  cavity  of  the  primer  holder.  This  condi- 
tion is  met  by  controlling  (a)  the  hardness  of  the  primer  cup  metal, 
(b)  the  penetration  of  the  firing  pin,  (c)  the  contour  of  the  end  of  the 
firing  pin,  (d)  the  contour  of  the  primer  cavity,  and  (e)  the  clearance 
between  the  exterior  surface  of  the  primer  and  the  walls  of  the  cavity. 
The  hardness  specifications  for  i'kvy  Primers  Mk  101  and  Mk  105 

are  60  to  85  Vickers  for  the  former  and  65  Vickers  maximum  for  the 
latter. 

v. usual  material  for  firing  pins  is  commercial  brass, 
uut  dural  and  stainless  steel  have  been  used.  In  general,  the  pins 
are  of  t«e  rounded-end  type  to  prevent  puncture  of  the  primer  cup, 
wrnen  would  result  in  loss  of  obturation  or  in  the  case  of  vented  delays 
cause  an  unpredictable  ventin°'. 
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Control  of  firing  pin  penetration  is  of  utmost  importance  to  prevent 
rupture  of  the  primer  cup  or  undue  deformation  of  the  components. 
Two  methods  of  control  are  shown  in  figure  5—25.  For  Navy  Primers 
Mk  101  and  Mk  105,  for  example,  penetration  should  be  controlled 
within  the  limits  of  0.032  inch  —0.043  inch.  The  pin  can  either  be 
part  of  the  assembly  or  a separate  item. 


HAMMER 


CONTROLLED 

PENETRATION 


ROUNDED  END 


Figvrt  5-25.  Control  of  Firing  Pin  Penetration. 

In  the  case  of  pins  which  arc  parts  of  the  assembly,  it  is  sometimes 
desirable  to  make  them  of  dural  since  the  pin  usually  floats  on  the 
primer  cup  and  a lighter  pin  enhances  drop  test  safety. 

Baffle.  When  the  primer  is  initiated,  a high  velocity  jet  (hot  gases, 
slag  particles,  and  fragments  of  the  closure  disk  or  cup)  is  projected 
toward  the  black  powder  pellet.  The  inertia  of  these  blast  components 
is  such  as  to  cause  undue  penetration  of  the  pellet’s  surface  thereby 
disrupting  a portion  of  it  and  affecting  the  delay  time.  Such  a 
condition  is  exceptionally  serious  with  obturated  delays  of  small  time 
magnitude,  say  0.01  second,  where  the  impingement-  of  these  com- 
bustion products  will  usually  completely  disrupt  the  very  small 
pellet,  giving  no  significant  delay.  Longer  delays,  say  tenths  of  a 
second,  are  not  so  seriously  affected.  Blow-through  (complete 
disruption)  here  is  not  likely,  and  time  tolerances  arc  usually  large 
enough  to  absorb  the  elFect  of  pellet  damage. 

To  combat  this  disruptive  force,  a baffle  is  utilized.  Baffles  have 
many  forms,  but  all  serve  to  absorb  the  energy  of  the  slag  particles 
and  sealing  device  fragments  by  deflecting  them.  An  additional 
function  is  to  reduce  the  velocity  of  the  hot  primer  gases  and  “ease” 

them  across  the  surface  of  the  pellet. 

Baffles  are  usually  made  of  commercial  brass  or  aluminum  alloy 
f'-r  machineability.  Occasionally  stainless  steel  is  employed  where 
the  body  and  primer  holder  are  of  this  material.  The  purpose  is  to 
a oid  dissimilar  metals  in  order  to  reduce  the  possibilities  o e co 
t >lvtic  corrosion. 

The  size  of  the  bailie  is  usually  dictated  by  space  limitations. 
! mover,  it  must  be  large  enough  to  provide  channels  of  sufficient 
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size  to  prevent  excessive  back  pressure  on  the  primer  cup,  which  mav 
cause  rupture.  Channels  may  be  large  enough  to  prevent  primer  cup 
failure  and  yet  of  insufficient  size,  to  permit  proper  ignition  of  the 
peilet.  In  this  case,  excessive  cooling  of  the  primer  gases  is  the  cause 
of  faulty  ignition.  It  is  probably  safe  to  say  that  the  channels  or  ports 
should  be'made  as  large  as  is  commensurate  with  structural  strength 
of  the  component  and  still  not  permit  direct  impingement  of  the 

products  of  combustion  on  the  pellet. 

Decision  as  to  when  to  use  a baffle  is  determined  by  the  structural 
sw  mgth  of  the  pellet  and  the  accuracy  of  timing  desired.  Very 
short  delays,  say  0.01  second,  will  require  the  baffle  by  reason  of  the 
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— FLANGE  PRIMER 
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^ 4 PORTS 

SLAG  tbap 

— DELAY  BODY 
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•PELLET  SUPPORT 


EXPANSION 

CHAMBER 


SMALL  CHAMBER 
WELL  FILLED 
WITH  LARGE  BAFFLE 


SUSPENDED  BAFFLE 


Figure  5 -26.  Two  Types  of  Baffles, 


small  pellet.  To  obtain  the  utmost  in  close  time  tolerances,  a baffle 
should  be  used.  Two  types  of  baffles  are  shown  in  figure  5-26. 

In  the  event  that  a short  delay  is  desired  but  space  limitations 
preclude  the  incorporation  of  any  baffle,  the  pellet  should  be  pressed 
at  very  high  pressures  to  offer  resistance  to  penetration  of  the  high 
velocity  particles.  The  pressure  is  accomplished  at  some  sacrifice 
of  reproducibility  and  shortness  of  d.*]ay  time. 

Selay  detonators.  After  expiration  of  the  delay  time,  a substantial 
spurt  of  flame  is  needed  to  initiate  the  main  detonator  of  the  fuze, 
demolition  device,  or  other  device.  Since  the  delay  column  is  pur- 
posely kept  small  in  diameter  to  reduce  the  volume  of  gas  evolved, 
thereby  permitting  smaller  delay  elements,  it  may  become  necessary 
to  include  a separate  charge  or  relay.  This  condition  exists  partic- 
ularly with  vented  delays, since  the  pressure  retained  at  the  terminal  end 
of  the  time  train  is  greatly  reduced.  An  initiator  explosive  is  usually 
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wficd  as  a rela>  because  (a)  if  docs  not  introduce  any  appreciable  delay 
arid  (b)  lakes  flame  readily. 

The  relay  charge,  which  is  fastened  securely  to  the  delay  by  a 
crimp  or  thread,  finds  its  greatest  usefulness  in  designs  where  air 
gaps  exist-  or  are  likely  to  exist  between  the  terminal  end  of  the 
delay  arui  (he  receiving  explosive  charge.  In  cases  where  variable 
air  gap  conditions  do  not  exist.  o,r  when  the  air  gap  is  very  small  with 
high  confinement,  the  relay  detonator  is  omitted  and  the  main 
detonator  is  secured  e’ese  to  the  terminal  end  of  the  delay. 

Fulminate  of  mercury  was  formerly  used  as  a relay  detonator 
charge,  but  has  now  been  almost  wholly  displaced  by  lead  azide, 


TIME  TRAIN 
(BLACK  POWOER) 


.059  INCH  OIA  HOLE 


STAINLESS  STEEL  RINS 
.125  INCH  INSIOE  OIA 
LOADED  WITH  .057  ORAM 
LEAD  AZIDE  PRESSED 
AT  iO.OOO  P S I 


.090  GRAM  A- 5 
POWDER  PRESSED 
AT  1900  PS  I INTO 
BRASS  CUP  WITH 
.20  INCH  INSIOE 
DIAMETER 


Figure  5 -27.  A Relay  Detonator  Design. 


which  has  better  surveillance  qualities.  The  lead  azide  is  usually 
loaded  into  aluminum  cups,  since  it  is  incompatible  with  copper 
bearing  metals. 

At  assembly  in  the  delay  element  some  means,  such  as  thin  paper 
disks,  should  he  provided  to  prevent  contact  between  the  'thuninum 
and  the  black  powder  pellet  . 

The  relay  detonator  design  shown  in  figure  5-27  has  given  satis- 
factory results  in  7 -second  and  7.7-second  vented  delay  elements  in 
the  temperature  range  of  —05°  F to  160°  F.  The  lightly  pressed 
black  powder  charge  at  the  terminal  end  of  the  vented  delay  column 
is  provided  to  produce  sufficient  heat  and  pressure  to  assure  reliable 
initiation  of  the  lead  azide  detonator.  In  this  design,  care  must  be 
taken  to  attain  intimate  contact  between  the  loosely  pressed  powder 
in  the  cun  and  the  end  of  the  time  train. 
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Design  Factors 

Size  of  components.  The  size  o?  the  delay  element  is  determined 
by  empirical  methods;  however,  various  factors  have  in  the  past 
served  to  indicate  a range  within  which  these  methods  are  utilized  to 
effect  a closer  approach  to  the  optimum  size. 

Diameter  ox  powder  column.  The  elements  are  kept  to  a minimum 
size  in  order  to  conserve  space,  which  is  usually  a'  critical  factor  in 
fuze  design.  Practice  has  shown  that,  a 0,1  inch  diameter  black 
powder  column  is  the  smallest  practical  size  from  the  standpoints  c: 
loading  ram  strength  and  flame  evolution  required  to  ignite  a deto- 
nator or  relay  detonator.  As  a general  practice,  a 0.125  diameter 
column  has  been  standardized  to  facilitate  the  loading  of  the  longer 
delay  columns  where  the  stiffness  of  the  ram  is  critical. 

Diameter  of  delay  body.  The  minimum  0.  D.  of  the  delay  body 
must  be  such  as  to  resist  swelling  under  loading  pressures  and  to  with- 
stand the  internal  gas  pressure  obtained  during  burning,  Since  the 
former  pressures  are  greater,  the  latter  are  unimportant  in  this 
connection.  In  general,  the  0.  D.  required  to  resist  the  loading  pres- 
sure is  less  than  the  diameter  of  the  standard-typo  primers  utilized. 
Thus  the  O.  D.  is  usually  the  minimum  which  will  accommodate 
the  primer  and  yet  be  of  a standard  bar  stock  diameter. 

length  of  black  powder  column.  The  determination  of  the  length 
of  black  powder  column  required  to  obtain  the  desired  burning  time 
is  a cut-and-try  affair.  The  length  can  be  increased  or  decreased 
within  limits  and  the  same  time  still  be  retained  by  varying  the 
loading  pressure,  number  of  increments,  type  of  powder,  or  size  of 
expansion  chamber,  A review  of  existing  designs  should  enable  the 
designer  to  estimate  the  length  of  the  column  needed  with  sufficient 
accuracy  so  that  wiih  slight  adjustments  of  loading  pressure,  incre- 
ment sizes,  ana  expansion  chamber,  the  desired  burning  time  can  be 
obtained. 

Size  of  expansion  chamber,  In  designing  the  expansion  chamber, 
its  diameter  is  usually  made  as  large  as  possible  without  unduly 
weakening  the  side  wails  which  support  the  primer  anvil,  or  such 
washer  or  baffle  as  may  be  used  .fc*  purpose.  The  depth  should 
be  shallow  enough  to  allow  proper  ignition  of  the  pellet  from  the 
1fller  &ii^  eaa^'e  sufficient  build-up  in  pressure  to  effect  a good  spurt 
of  flame  as  the  burning  zone  reaches  the  terminal  end  of  the  pellet. 

oo  small  a chamber  must  be  guarded  against  since  excess  pressure 
wnli  result  m undue  strain  being  put  on  the  unsupported  center  section 
. , , _ ^ ^ blow  through  trou  bles  will  be  probable.  The 

size  o.  the  baffle,  if  one  is  used,  will  many  times  be  a determining 
lactor  in  the  expansion  chamber  depth. 
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Size  of  baffle.  As  noted  previously,  the.  size  of  the  baffle  is  de- 
termined primarily  by  the  size  of  the  gas  ports.  These  latter  should 
be  as  large  as  is  consistent  with  the  necessary  structural  strength  of 
the  component  and  the  requirement  that  the  primer  gases  be  not 
permitted  to  impinge  directly  upon  the  peiiet.  In  the  ease  of  sus- 
pended s (fig.  5-23),  the  strength  must  be  sufficient  to  resist  the 
blast  effects  of  the  primer.  The  strength  can  be  tested  by  firing 
samples  having  inert  loaded  delay  pellets.  The  diameter  of  the  baffle 
is  controlled  by  the  expansion  chamber  size,  which  should  be  of  as 
great  a diameter  as  is  permitted  by  primer  construction. 

The  sizes  of  the  expansion  chambers  and  baffles  are  affected  by  the 
delay  times  desired.  A short  delay,  say  0.01  second,  uses  a very  small, 
pellet  of  questionable  structural  strength.  In  order  to  increase  the 
size  (strength)  of  the  pellet  and  still  retain  the  burning  time  of  0.01 
second,  the  chamber  is  kept  small  and  well  filled  with,  a large  baffle 
(fig,  5-26).  This  arrangement  increases  internal  pressure  and  ac- 
celerates the  rate  of  burning.  To  conserve  over-all  length  when  a 
longer  delay  time  is  required,  a small  baffle  is  employed  to  take 
maximum  advantage  of  the  expansion  chamber  allowing  lower  pres- 
sures which  decrease  burning  rates  (fig.  5-26,  right). 

Size  of  relay  detonators.  The  size  of  the  relay  detonator  is  not 
critical  from  the  standpoint  of  the  functioning  of  the  delay  element. 
The  strength  (power)  is  dictated  by  the  safety  and  functioning  require- 
ments imposed  by  the  mother  device.  Convenient  sizes  from  the 
loading  and  assembly  standpoint  are  0.125  inch  diameter  by  0.10  inch 
high  or  0.160  inch  diameter  by  0.125  inch  high.  The  latter  size  is 
preferable  since  it  has  been  widely  employed  and  its  use  tends  to 
promote  standardization. 

Effects  of  Variables  on  Burning  Time  of  Delay  Elements 

The  effects  of  the  following  variables  on  the  performance  of  black 
powder-delay  elements  have  noflbeen  thoroughly  investigated  to  date. 

(а)  Effect  of  Moisture  Content  of  Black  Powder. 

(б)  Effect  of  Typo  of  Powder. 

(c)  Effect  of  Primer  Output. 

(d)  Effect  of  Volume  of  Expansion  Chamber. 

(c)  Effect  of  Temperature. 

(f)  Effect  of  Pressure  Dwell. 

{<})  Effect  of  Loading  Pressure. 

(ft)  Effect  of  Size  of  Increment. 

A series  of  exploratory  tests  were  conducted  in  the  interest  of 
supplying  rough  answers  to  these  questions.  Much  work  remains  to 
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be  done  along  such  lines.  |Tho  delay  elements  used  in  the  various 
tests  were  the  following: 

0.010  second  Obturated  (fig,  5-9,  page  5-11). 

0.250  second  Obturated  (fig.  5-10,  page  5-12). 

0.033  second  Obturated  (fig.  5-2.  page  5-4). 

0.070  second  Obturated  (ref.  (5)). 

0.004  second  Pressure  (fig.  5-13,  page  5-17).  N 

7.0  seconds  Vented  (NOL  sketch  150185)  (ref.  (1)). 

7.7  seconds  Vented  (NOL  sketch  152156). 

Effect  of  moisture  content  of  black  powder.  Obturated  delay 
elements  having  nominal  burning  times  of  0.01,  0.033,  and  0.25 
second  were  loaded  with  black  powder  of  varying  moisture  content 
and  tested  for  burning  time  with  and  without  desiccation. 

Tables  5-1  and  5-2  and  figures  5-28  and  5-20  show  summaries  of  the 
results  of  teats  in  which  black  powder  of  varying  moisture  content  was 
loaded  into  0.01  and  0.25  second  delay  elements  and  the  burning  times 
determined  within  2 hours  after  loading.  Since  the  burning  times 
were  determined  shortly  after  loading,  it  could  be  assumed  that  there 
was  no  change  in  the  moisture  content  of  the  black  powder. 


LOAOIHC  DATA 

.031  0* AM  A-5  SLACK  POWOi* 
PRESSED  AT  T 3,000  PSI 

DIAMETER  OF  POWDER  PELLET  • 129  INCH 
LENGTH  OF  POWDER  PELLET  • OSO  INCH 
PRIMER  MK  101  STANDARD.  WCTH  BASE 
CHARGE  021  ORAM 

X • AVERAGE  BURNING  TIME 

O • EXTREME  BURNING  TIME 


WATER  IN  POWOER  ( PER  CENT  ) 


Figure  5-28.  Burning  Time  vs.  Moisture,  0.010  Second  Obturated  Delay 

Element. 
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Table  5-1. — Effect  of  Moisture  Content  of  Blue  k I'owdtt  On  Hurtling  Time,  lj.ni Q 
Second  Delay  Element  ( 0.081  gram  AS  Powder,  73,000  ps%)  (Fiijvrr  5~y\ 


N ember  tee  ted 


i 

1 Percent  of 
HtO  by 
weight 

i 

I 

| Bart 

1 

| Mlntr.tso 

j 

0.0 

1 0.0090 

1.0 

1 .0090 

i 2.0 

; .oooa 

2 5 

i .0005 

3.0 

.0020 

! 4.0 

! .0007 

Bernlng  time  (seconds) 


MaeliABta 


0.0124  I 
. 01 4S  | 
.0114  i 
, orwn  ! 
.OHO  ‘ 
.ruTS  1 


Table  5-2. — Effect  of  Moisture,  Content  of  Black  Powder  on  Burning  Time,  0.25 
Second  Delay  Element  ( 0.111  gram  DS5  Powder,  65,000  pat.)  ( Figure  5-lb) 


Number  tested 


Percent  of 

ll.f)  law 

Burning  time  (second!) 

njVf  sjy 

weight 

I Minimum  j Maximum 

| Average 

0.0 

0.233 

0.253 

0.245 

.5 

. 230  ’ 

.209 

.255 

1.0 

.Mi  l 

2*0 

.274 

1.5 

.295  i 

.313 

.305 

2.0 

.295 

.305 

.302 

3.0 

i 

.292  1 
t 

.324 

.302 

For  the  purpose  of  observing  the  effects  of  desiccation  on  delays 
which  had  been  loaded  with  moist  black  powder,  tests  were  conducted 
on  three  groups  of  0.033  second  delay  elements  (shown  in  figure  5-2) 
which  were  loaded  with  powder  originally  from  the  same  source  but 
containing  different  percents  of  moisture  at  the  time  of  loading.  Of 
each  group  of  twenty  delay  elements,  ten  were  stored  immediately 
after  loading  for  a period  of  time  in  rubber  stoppered  glass  bottles  and 
the  remaining  ten  were  stored  for  the  same  period  in  desiccators 
containing  calcium  chloride.  All  delay  elements  were  loaded  with 
0.040  gram  A-5  powder  pressed  at  82;000  psi.  The  results  cf  these 
tests  are  presented  in  table  5-3  and  shown  graphically  in  figuie  5-30. 

Table  5-3 .—Effect  of  Desiccation  on  the  Burning  Time  of  Delay  Elements  Loaded 

vnth  Black  Powder  ( Figure  5-S ) 


Powder  loaded 


content  0 percent  powder  des- 
loSnK  f°r  apPr01'  600  hours  Prior  10 

Sttr;'co"t'nt  0.8  Percent  accumu- 

m^1VKSk“b“K&' 


Treatment  a. 'aided  ! 

dementi  i- 


Bottled  307  hours... 
Desiccated  307  hours.. 

Bottled  234  hours.. 
Desiccated  294  hours.. 

Bottled  307  hours 

Desiccated  307  hours.. 


Horning  time  (second!)  lot!  of  10 
element! 


Mlnimant  j 

Mexintom 

Average 

0.0351 

0.0384 

0.0309 

.033 

.0385 

.0347 

.0341 

. 0475 

.0379 

.0105 

.0405 

.0222 

.0098 

.0392 

.0312 

.0002 

.0182 

.0113 
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The  results  presented  in  tables  5-1, 5-2,  and  5-3  and  in  figures  5-28, 
5-29,  and  5-30  indicate  that  if  moist  black  powder  is  loaded  and  tested 
without  desiccation,  the  effect  on  the  burning  time  of  delays  will  be 
hard  to  predict.  In  the  case  of  the  0.01  second  delay  moisture  up  to 
about  1 percent  appeared  to  have  little  effect.  High  concentration 
caused  a marked  decrease  in  burning  time  (fig.  5-28).  In  the  case  of 
the  0.25  second  delay,  moisture  in  concentration  up  to  1.5  percent 
appeared  to  cause  a progressive  increase  in  burning  time  (fig.  5-29). 
In  the  case  of  the  0.033  second  delay,  moisture  appeared  to  decrease 
the  burning  time  slightly  at  1 percent,  but  to  have  little  effect  at  lower 
concentrations  (fig.  5~30,  undesiceated). 


WEIGHT  of  MOISTURE  WHEN  LOADED  (PER  CENT) 

Figure  5-30.  Burning  Time  vs.  Moisture  With  and  Without  Desiccation, 
0.033  Second  Obturated  Blaek  Powder  Delay  Element. 

In  the  tests  where  the  powder  was  loaded  wet  and  then  desiccated 
(table  5-3  and  figure  5-30)  a marked  decrease  in  burning  time  was 
obtained;  this  decrease  was  a function  of  the  amount  o mowire 

present  in  the  powder  at  the  time  of  loading.  Kis  in  ica  e a so  a 

desiccation  had  an  effect  in  lesser  degree  on  delay  elements  loaded  wit 
powder  which,  for  all  practical  purposes,  contained  no  mois  ure  exc 
such  as  might  have  been  picked  up  during  the  loading  opera  ion. 

It  is  concluded  that  in  order  to  obtain  black  powder  e a}  so 
1 'I own  and  reproducible  burning  times,  it  is  linpoi  an  o o 
powder  and  to  avoid  desiccation  of  the  loaded  e emen  s. 

1 rnder  the  loading  pressures  of  05,000  psi  nnd|iiho>e  uscc  in 
’ rk,  the  maximum  amount  of  moisture  retained  m tne  p 
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approximately  2.5  percent,  since  any  excess  beyond  that  amount  h 
squeezed  out  by  the  loading  ram. 

Effect  cf  type  of  powder.  The  selection  of  the  proper  powder  for 
delay  elements  depends  largely  upon  the  desired  burning  time.  For 
miming  rimes  up  to  about  0-13  second,  Army  tirade  A-5  powder  is 
commonly  used  by  the  Army  and  Navy.  For  burning  times  longer 
than  0.15  second,  it  may  be  necessary  (due  to  limited  space)  to  use  a 
slower  burning  powder.  A powder  of  this  type  having  the  manufac- 
turer’s designation  D-55  has  a considerably  slower  burning  rate  than 
the  Army  Grade  A-5.  The  difference  between  fast  and  slow  burning 
powders  is  more  pronounced  in  long  delays.  For  example,  table  5-4 
shows  the  results  of  chronograph  (burning  time)  tests  of  0.010  second 
and  0.25  second  obturated  delays  loaded  with  the  two  different  types 
of  powder  just  mentioned. 

Tahoe  5-4. — Effect  of  Type  of  Powder  on  Delay  Time 


Number  leiled 

! 

1 Delay  element 

Grade 

! i 

j Powder  Loading  ! 
i weigh!  smtmrr 

Bnrnlng  time 
(aeeonde) 

i 

1 

( \ 

! ! 

fowl) 

Low 

| High  j Average 

10... ! 

>0.010  second 

Army  A-r... 

0.031  ; 

73.000 

0.0060  1 

0.  0124  1 

0.0102 

5. 

K 010  second 

D-55.  ..  .. 

.aii 

73.000 

.00*  | 

.0110  | 

.0102 

5 

».  250  second 

Army  A-5.. 

.in 

05,  000 

.iff  ; 

. I0O 

.151 

5 

*.  250  second 

D-55 

.m 

05,  000 

.23* 

.253  | 
| 

.245 

‘ Figure  5-8. 

1 Figure  5-10. 


Table  5-4  shows  that  the  two  grades  of  powder  (A-5  and  D-55) 
produced  the  same  over-all  results  in  the  0.010  second  delay,  whereas 
the  A-5  powder  reduced  the  average  burning  time  of  the  0.25  second 
delay  by  approximately  39  percent.  A description  of  the  various 
types  of  black  powder  will  be  found  on  pages  2-19  and  2-20  and  in 
reference  (4). 

Effect  of  primer  output.  Varying  primer  charge  weights  tend  to 
produce  varying  burning  times  of  obturated  delays.  A light  charge 
tends  to  lengthen  the  burning  trm>.  -vhiic  a heavy  charge  tends  to 
shorten  it.  The  influence  of  the  primer  charge,  is  more  pronounced 
in  short  delays  than  in  long  delays.  These  statements  are  based  on 
the  results  of  tests  conducted  on  0.010  second  and  0.25  second  delay 
elements  using  primers  with  minimum  and  maximum  charges.  A 
summary  of  the  test  is  given  in  table  5-5. 
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Tabi.e  5-5. — Effect  of  Primer  Output  on  Burning  Time 


0 25  se<«mJ  delay  (Ilf.  *-?0>  D-S5aowder,0  Ml  gram, 
M OOO  pal.  Mary  Primer  Mk  lOd  Standard 

1 0,010  neeond  delay  (fig.  5-9)  A-5  powder,  0.031  gram, 
73,060  pal.  Nary  Primer  Mk  101  Standard 

1 

! Horning  time 

Welch  t of  primer  charge  (grama)  | arerage  tor  10 

! aemplea  (aeeond) 

Weight  of  primer  charge  (grama) 

| 

Burning  time 
arerage  for  10 
aampiea  (aeeond) 

0.019  (minimum) { 0. 23* 

0.023  (minimum) j .229 

j 0.019  (minimum) 

1 0.023  (maximum) 

1 

w0. 0106 
.0091 

The  delays  using  primers  with  minimum  charges  produced  burning 
times  that  were  approximately  4 percent  and  16  percent  longer  than 
those  with  maximum  charges  in  the  0.25  second  and  the  0.010  second 
delays,  respectively. 

Effect  of  volume  of  expansion  chamber.  Variations  in  the  size  of 
the  expansion  chamber  will  cause  variations  in  the  burning  time  of  a 
given  obturated  delay.  Figure  5-31  shows  the  results  of  tests  con- 
ducted on  a column  type  obturated  delay  (0.25  second  approx.) 
using  delay  bodies  with  full,  three-quarter,  one-half,  and  one-quarter 
volume  expansion  chambers,  other  features  being  held  constant. 
The  basic  volume  of  the  expansion  chamber  for  this  delay  is  0.0114 
cu.  in.  The  graph  shows  that  the  drop  in  burning  time  is  not  so 
pronounced  until  the  expansion  chamber  is  below  75  percent  of  the 
basic  volume.  Between  75  and  25  percent  of  basic  volume,  the  short- 
ening of  burning  time  appears  to  be  a linear  function  of  the  volume. 
It  is  pointed  out  that  the  results  shown  on  the  graph  arc  for  one 
specific  delay  element.  The  burning  time  of  other  delays  may  not  De 
affected  in  the  same  degree.  However,  the  graph  illustrates  the 
general  trend  of  burning  times  as  affected  by  variations  in  the  expan- 
sion chamber. 

Effect  of  temperature.  Some  data  on  temperature  effects  axe  pre- 
sented on  pages  5-22  to  5—24.  The  data  recorded  here  concerning  the 
effect  of  temperature  on  burning  times  were  gained  from  a series  of 
tests  conducted  on  six  different  column  delays  including  the  obturated, 
vented  and  pressure  types.  A summary  of  the  tests  is  given  in  table 
5-6.  Figures  5-19,  5-20,  5-32,  5-33,  and  5-34  show  the  general 
trends  of  burning  times  at  the  given  temperatures.  No  graph  was 
made  for  the  0.07  second  delay  , as  it  was  not  tested  at  high  t emperature. 
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Table  5-ri. — Effect  of  Tempera! nr.-  an  Burning  Time 


Type  of  delay ! 

Ssmber 

tested 

Tmimt. 

(Tj 

Morning  (late  (eeeond*) 

Minimum 

Maximum  ’ 

A refuse 

nii  cooooJ  p ? 

10 

+75 

9.0029 

0.  004  4 

O Ofi.'W  ; 

10 

-B5 

. 0014 

mi? 

rwr* 

10 

+ 180 

. 0920 

.003! 

. D027  : 

0.010  second  0 s 

20 

+75 

.0090 

.0124  ! 

.0102.. 

20 

-85 

.0010 

.0182 ; 

.00**?  1 

20 

+ 180 

.0010 

.0105  : 

.onai  : 

0.070  second  O > 

5 

+75 

. ff« 

.0785 

. 0700  ! 

20 

-30 

. 0820 

. 0918 

.(Wifi 

Appro*.  0.25  second 

,P, 

. 238 

.253  J 

. 215  ; 

o> 

10 

-85 

.255 

.290 

. 272  i 

10 

+ 180 

. 182 

. 210  < 

. 198  : 

Appro*.  7.0  second  5 

5 

+75 

8. 585 

8, 83.5  | 

9 738  , 

V« 

S 

-80 

5. 800 

A 780  ( 

s.  aw  I 

10 

+ 180 

fi.fii5 

rt  Qftn  ! 

8. 799  i 

10 

+75 

7.820 

7. 845  | 

7.738  ! 



10 

-85 

7.850 

8.180  i 

?,  VMK  ( 

V «.« 

10 

-r!80 

7.  ISO 

7.880 

7. 48.5  : 

i 

Effwl  r*n  Ifnw  compared 
T>  **?ii  izol  mrn^lr* 


Shot  ionrd  29  fierccnt 

Shortened  r.  fiercent 
Shortened  29  [>errent 

Lengthened  it  percem 

I-engthened  11  percent 
Shortened  19  jeri-ent 

Shortened  I)  i>ercenl 
Lengthened  9.4  percent 

lengthened  2.T  percent 
Shortened  3.3  percent 


i Delay  Elements  used  In  the  above  tests  are  Identified  as  follows: 

0.004  second,  Figure  5-13. 

0.010  second,  Figure  5-9. 

0.070  second.  Ref.  (5).  " 

0.25  second.  Figure  5-10. 

7.0 second,  NOL  Sketch  150i85  (Ref.  (1)). 

7.7  second.  NOL  Sketch  152150  (Ref.  (1)). 

*P-  Pressure  type. 

1 0“  Obturated  type. 

’ V= Vented. 

5 vent  sealed  with  solder,  melting  point  240®  F. 

* Vent.  open. 

On  the  basis  of  these  tests,  the  following  general  statements  nre 
made: 

(a)  Low  temperature  decreases  the  burning  rate  of  the  powder, 
resulting  in  longer  burning  times. 

(ft)  High  temperature  increases  the  burning  rate  of  the  powder, 
resulting  in  shorter  burning  time. 

(c)  Vented  delays  of  long  burning  time  are  the  least  affected  by 
temperature. 

I he  results  on  the  0.010  second  and  the  7 second  delays  seem  to  be 
at  \ariance  with  statements  (a)  and  (ft)  above.  In  the  case  of  the  7 
second  delay,  the  vent  hole  being  solder  sealed  caused  it  to  act  as 
an  obturated  delay  until  the  solder  was  expelled.  It  is  reasoned 
?“at  th® iow  temperature  delayed  thc*expuision  of  the  solder,  allowing 
interna  pressure  to  build  up,  thus  increasing  the  burning  rate. 
-:-e  mgh  temperature  quickened  the  expulsion  of  the  solder,  thus 
e iminatmg^  or  reducing  the  initial  internal  pressure  which  would 
,JfS  Present  when  tested  at  ambient  temperature. 

° reason  for  the  seeming  discrepancy  in  the  data  on  the  0.010 

tj?n  i !S  ^at  average  burning  time  was  reduced  by  several 
r.r  nm!*  e aj  times.  The  cause  oi  extremely  short  burning  times 
o,  u.viu  second  obturated  delays  when  tested  at  low  t emperatures 

hnnt!  -1  „ 1 • 3 -e-  . . l 


v , ‘ twtuu  hi  jo \v  lempriai-Tirt 

-as  not  been  determined.  It  is  believed  that  the  low  tempera  tin 
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has  a weakening  effect  upon  the  web  of  the  powder  pellet  (see  fig. 
5—35).  Several  tests  have  been  conducted  to  determine  whether  the 
pellet  was  fractured  or  otherwise  permanently  affected  by  the  low 
temperature.  These  tests  were  made  by  chilling  the  delay  assemblies 
to  - -65°  for  a period  of  several  hours,  then  testing  them  after  they 
had  been  allowed  to  warm  up  to  ambient  temperature.  The  results 
indicated  that  the  powder  pellets  were  not  permanently  damaged, 
since  all  of  them  produced  normal  burning  times  when  tested. 

Effect  of  pressure  dwell.  In  press  loading  of  explosives  and  pyro- 
technics, the  rate  of  application  of  pressure  may  have  an  effect  on 
performance  and  in  some  cases  it  may  be  desirable  to  determine  the 
maximum  permissible  rate  of  application.  For  experimental  load- 
ing, a low  rate  of  pressure  application  is  used.’  Aften-fehe-mtwamum 


WEB 

.038 

APPROX 


Figure  5-35.  Web  of  0.010  Second  Delay  Pellet. 

pressure  has  been  attained,  an  interval  of  continuous  pressure,  or 
dwell,  is  sometimes  desirable  to  ensure  proper  consolidation  of  the 
powder  grains.  The  relatively  good  flow  of  black  powder  plus  the 
smooth  surface  conditions  required  of  loading  tools  and  delay  pellet 
bores  indicate  that  little  if  any  dwell  is  actually  needed  in  the  con- 
solidation of  this  material.  However,  plant  practice  is  to  stipulate 
a short  dwell  (1  to  3 seconds  approximately)  as  a control  of  the  work- 
man to  insure  his  applying  full  loading  pressure.  Experimentally, 
it  may  be  found  that  as  the  1/d  ratio  of  each  increment  is  increased, 
a minimum  dwell  may  have,  other  and  more  pertinent  benetsvial 
effects.  Tests  conducted  on  0.010  second  and  0.25  second  column 
delay  elements,  using  1,  2,  3,  6,  and  10  second  dwell  intervals,  pro- 
duced results  which  although  not  conclusive  indicate  that  a dwell 
interval  of  one  second  is  sufficient  for  a powder  column  having  a 
1/d  ratio  of  0.72  or  less.  Table  5-7  is  a summary  of  these  tests, 
hive  elements  were  used  for  each  group.  Although  these  data  can 
well  serve  as  a general  rule,  it  is  deemed  advisable  to  conduct  tests 
on  newly  developed  designs  to  determine  whether  a dwell  is  necessary. 
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Table  5-7. — Effect*  of  Varying  Pressure  Dwell 


P. 25  second  delsj 

(Off.  S-10) 


; 0.030  second  delay  (fig,  5-9)  A-5  powder.  0.03!  ftrsir..  73,900 
[ p*  Fellet  length,  0.090  Inch;  dia.  0.125  inch 


! Bern  Inc  time*  for  dwdl  ■ 
of—  i 


Burn  In?  times  for  dwell  of- 


1 IP  we- 
: on  da 

! 

! 1 DM- 

i ond 

2 sec- 
onds 

3 see-  i 
on  da  j 

6 sec- 
onds 

19  sec- 
onds 

0.234 

.244 

.230 

! Minimum 

! Maximum i 

t Average 

0.0097 
| .0112 
1 .0105 

0.0008 
.0109 
, nifu  ! 

1 

0.  0100 
. 0147  i 
.0113  j 

0.0099 

.0100 

.0101 

0.0097 

.0118 

.0102 

Avernge... 


Effect  of  loading  pressure.  \\  ithin  certain  limits,  the  burning  time 
of  delay  elements  is  affected  by  the  loading  pressure  of  the  powder. 
For  the  purpose  of  observing  this  effect,  tests  were  conducted  on  two 
obturated  delays  (0.010  second  and  0.25  second),  using  various  load- 
ing pressures.  Figures  5-36  and  5-37  show  the  trend  of  burning 
times  for  these  delays  at  the  given  loading  pressures.  The  results  of 
the  tests  indicate  that  for  obturated  column  delays  the  burning  time 
increases  continuously  with  increasing  loading  pressure  until  a pres- 
sure of  about  60,000  psi  is  reached.  Additional  pressure  has  little  if 
any  effect  upon  the  burning  time.  It  should  be  said,  however,  that 
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Figure  5—37.  Loading  Pressure  vs . Burning  Time,  0.25  i 0,025  Second 

Obturated  Delay  Element. 
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there  arc  other  factors  such  as  impact  conditions  to  be  considered  in 
the  design  of  a delay  peliet,  which  may  make  it  desirable  or  necessary 
to  use  higher  loading  pressures.  In  the  case  of  the  pressure  type  delay 
shown  in  figure  5—13,  the  maximum  permissible  loading  pressure  is 
about  7,000  psi.  A loading  pressure  of  10,000  psi  has  produced  fail- 
ures in  4 of  5 tests  of  this  delay  element  (ref.  (2)). 

Effect  of  size  of  increment.  Long  powder  columns  are  loaded  with 
multiple  increments  for  the  purpose  of  attaining  a satisfactorily  uni- 
form density.  Unless  this  is  done,  short  and/or  erratic  burning  times 
will  result.  Figure  5-38  shows  the  trend  of  burning  times  of  a 0.25 
second  delay  loaded  with  one,  two,  three,  and  four  increments.  The 
length  of  the  powder  column  of  this  delay  is  normally  0.42  inch  approx., 
the  pellet  cavity  being  about  0.45  inch  long.  It  was  necessary  to  de- 
crease the  powder  charge  in  the  one-increment  loaded  delays  to  0.109 
gram,  as  the  full  charge  of  0.111  gram  could  not  be  pressed  in  one 
operation.  Referring  to  the  graph,  it  is  noted  that  in  the  group  loaded 
with  four  increments,  the  spread  between  the  maximum  and  minimum 
burning  times  was  0.005  second;  the  ratio  of  increment  length  to 
diameter  was  l/d=1.05.  The  next  best  results  were  obtained  from 
the  three-increment  loaded  group  where  the  spread  was  0.015  second, 
the  ratio  of  the  increment  being  l/d=1.40.  This  test  is  considered  a 
good  example  of  the  effectiveness  of  multiple  increment  loading  of 
long  column  delay  elements. 

Section  2.— Gasless  Delay  Elements 

The  problem  of  handling  the  gases  produced  by  the  burning  of  con- 
ventional delays  is  often  a difficult  one  for  the  fuze  designer,  since 
pressure  affects  the  burning  rate  of  such  materials.  This  problem  is 
much  less  serious  in  the  case  of  gasless  delays,  because  the  amount  of 
gas  produced  is  small  and  the  burning  rate  is  less  sensitive  to  pressure. 
This  superiority  of  gasless  delays  is  much  more  apparent  in  the  case 
of  the  longer  delay  times,  and  hence  they  have  been  more  widely 
applied  where  the  required  delay  is  one  second  or  more. 

C » a si  ess  delay  assemblies  fall  into  two  general  types,  obturated  and 
non-obtumlcd.  The  choice  of  typo  usually  depends  upon  the  method 
of  initiation,  For  example,  the  iioiimbturnted  delay  may  be  ignited 

by  a black  powder  Hush,  as  from  an  ejection  charge;  the  seal  on  the 
obturated  delay  prevents  such  initiation,  and  if  must  bo  ignited  by 
an  electric,  or  percussion  primer  which,  in  turn,  is  actuated  by  electrical 
or  mechanical  energy.  The  obturated  delay  element  assembly  pos- 
sesses the  advantage  that  it  may  bo  more  readily  sealed  against  adverse 
atmospheric  influence. 
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Obturated  Delay  E!«ment  Assemblies 

NB-59  Electric  delay  fuze  Primers  Mk  115,  116  and  117.  The 
general  arrangement  for  Primer  Mk  115  is  shown  in  figure  5-:w 
(BuOrd  drawing  B-398666).  Primers  Mk  13 f>  and  1 17  are  ns  shown 
in  figure  5-39,  except  that  they  have  longer  delay  columns.  The 
burning  times  of  these  delays  are  0.25,  0.50,  and  1.0  seconds,  re- 
spectively. Instantaneous  primers  of  this  type  are  also  made,  and 
in  both  the  instantaneous  and  delay  primers,  the  proper  electrical 
sensitivity  is  brained  by  surrounding  the  bridge  wires  with  XC-fi 
priming  mixtur  e.  (See  page  2-10.) 

Tn  each  case,  the  base  charge  consists  of  a dry  mixture  of  75  percent 
DDNP  and  25  percent  potassium  chlorate.  However,  the  delay 
primers  use  an  ignition  charge  consisting  of  71  percent  lead,  27  percent 
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Figure  5-39.  Cleetrie  Delay  Fra*  Primer  Mk  US,  General  Arrangement. 
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Figure  5— 40.  Electric  Delay  Detonator  Mk  35  Moel  1.  General 

Arrangement. 

selenium,  and  2 percent  nitrostarch  directly  over  the  XC-9  on  the 
bridge  wire.  This  charge,  which  produces  a hot  flame  with  very 
little  brisance,  is  designed  to  ignite  the  delay  column  without  causing 
disruption  which  might  lead  to  erratic  burning  times.  The  delay 
column,  which  is  between  the  ignition  charge  and  the  base  charge, 
is  composed  of  barium  peroxide  and  selenium.  This  mixture  is 
loaded  into  a lead  sheath  and  consolidated  by  drawing  the  sheath 
down  to  a specified  size  after  loading.  The  characteristics  of  the 
barium  peroxide/selenium  mixture  are  discussed  on  page  2-18. 

Electric  Delay  Detonator  Mk  35  Mod,  1,  The  main  characteristic 
of  this  device  which  distinguishes  it  from  the  Primer  Mk  115  (fig.  5-39) 
is  its  explosive  power  due  to  the  addition  of  PETN  to  the  base  charge. 
As  shown  in  figure  5-40  (BuOrd  Drawing  398199),  the  construction  of 
this  electric  detonator  is  very  similar  to  that  of  the  Primer  Mk  115. 

Experimental  percussion  delay  detonator.  An  experimental  obtu- 
rated percussion  delay  detonator  is  shown  in  figure  5-41.  The  delay 
body  is  loaded  before  the  detonator  is  crimped  in  place  or  the  primer 
assembly  is  screwed  into  the  body.  The  detonator  cup  containing 
die  lead  azide  is  loaded  before  assembly.  The  seal  is  provided  at 
°ne  end  by  the  crimp  over  a soft  thin  metal  sealing  disk  and  at  the 
"iher  end  by  the  shoulder  of  the  primer  holder  bearing  on  the  primer 
bftiige  and  the  soft  metal  primer  washer. 
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The  ignition  transfer  holes  are  kept  small  and  out  of  line  with  the.  . 
men  diameter  initiation  opening  for  the  same  reason.  In  the  p,„. 
ticnlar  use  mentioned  above,  the  First  black  powder  charge  for;.,, 
gases  at  high  pressure  and' temperature  during  the  expulsion  period, 
and  a lead  ring  is  pressed  into  the  gas  check  opening  to  prevent  the.-' 
gases  from  leaking  down  the  outside  of  the  delay  body  and  igniting 
the  secondary  expulsion  charge. 

Dssisn  of  Gaslsss  Delay  Eftmsnft 

The  designer  is  usually  confronted  with  a situation  where  ho  is 
required  to  design  a gagless  delay  element  having  a certain  burning 
time  to  fit  into  a given  space  and  to  be  initiated  in  a specified  manner. 
To  meet  these  requirements,  the  two  principal  variables  available 
are  the  burning  rate  of  the  delay  |>owder  and  the  design  of  the  delay 
column. 

Burning  Rate  of  Gasless  Delay  Powder 

Burning  tiroes  of  delay  elements  loaded  with  several  different  types 
of  gasless  delay  powders  and  igniters  (refs.  (8)  and  (12))  are  presented 
in  Table  6—8.  The  burning  rates  of  gasless  powders  are  usually  not 
greatly  affected  by  the  length  of  the  column,  so  that  the  column 
length  required  for  a given  delay  time  with  these  powders  can  be 
approximated  from  the  data  in  this  table.  It  is  pointed  out  that 
rather  wide  variations  in  burning  rate  (ref.  (8))  can  be  achieved  by 
varying  the  relative  amounts  of  the  constituents  of  the  mixture.  In 
0CiAvra.,  uowe\ er,  it  has  been  found  that  mixtures  burning  slower 
t„an  about  0 08  mch  per  second  (12#  seconds  per  inch)  tend  to  be 
unreliable  at  low  temperatures. 

■ burning  rates  of  gasless  delay  mixtures  depend  on  the  subsieve 
size  distribution  of  the  powdered  metallic  fuels  as  well  as  the  prnpnr- 

witb  ! AC  !fgredient8  of  thc  matures  (ref.  (9)).  Metal  powders 
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of  mixtur  • 1S  m rCSuIt  in  variati(>ns  in  the  burning  rate 

^hlcb  .^ey  are  used.  Generally,  delay  mixtures  arc 

range  and  I^*xiure  m Um  approximate  buniing  rate 

ents  until  th  ~T ^ Tu  aaaec*  portions  of  one  or  more  of  the  ingredi- 
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rate  of  a small  pilot  mixture.  With  these  precautions,  the  average 
burning  time  can  be  held  within  about  dr 3 percent  of  the  desired 
quantity.  If  a closer  control  is  necessary,  the  final  adjustment  can 
' be  made  by  changing  the  ratio  of  the  lengths  of  igniter  to  delay  mix- 
ture in  the  loaded  delay  element  for  each  batch  of  delay  mixture. 

The  burning  rate  of  the  manganese  mixture  appears  to  be  slowed 
down  by  contact  with  air  of  high  relative  humidity:  Although  no 

failures  have  been  noted  which  can  be  attributed  to  this  efW* , j*  is. 
probable  that  condensation  of  moisture  on  the  delay  mixture  due  to 
temperature  changes  at  high  relative  humidity  may  he  sufficient  in 
extreme  cases  to  cause  failurts.  If  appears  that  control  of  humidity 
during  manufacture,  shipping,  loading,  and  testing  of  the  mixtures 
will  result  in  closer  bucuin*  time  control  of  the  completed  dolav 
elements. 

The  Design  of  the  Delay  Column 

In  designing  the  delay  column,  the  variables  that  must  be  considered 
are  obturation,  column  length,  column  diameter,  wall  thickness  and 
conductivity  of  the  delay  body,  loading  pressure,  and  loading  incre- 
ment size  (ref.  (11)). 

It.  is  usually  preferable  to  have  burning  gasless  delays  open  to  the 
atmosphere,  since  obturation  icons  to  increase  the  I> * > 7*7^ i 1 ? rate  in  ° 
manner  that  is  not  always  predictable  or  reproducible  (refs.  (13)  and 
(M)).  This  increased  burning  rate  results  from  pressure  built  up 
inside  the  obturated  delay  body.  The  pressure  is  due  to  burnt 
primer  gases  and  to  a lesser  extent  to  the  small  amount  of  gases  given 
oh  by  the  burning  delay  and  igniter  powders.  If  obturation  is  re- 
quired for  any  reason,  every  effort  should  be  made  to  keep  pressures 
at  a minimum  by  providing  maximum  free  space  and  using  a minimum 
oi  gas  producing  explosives  for  igniting  the  delay  column. 

, , colunJn  1iengt.h  squired  for  a given  delay  time  will  depend 

largely  on  the  burning  rate  of  the  powder  used.  If  the  resulting 

length  exceeds  the  available  space,  it  is  permissible  to  have  the  column 
double  back  on  itself. 

The  diameter  of  the  delay  column  (ref.  (11))  may  be  varied  withii 


n 


1 .. 


fainy  wide  limits,  although  a diameter  of  0.203  inch  has  been  wkhuy 
used.  The  available  data  indicate  that  for  thick  walled  delay  bodies 
t e diameter  of  the  column  has  no  appreciable  effect  on  the  burning 

that-the  PTd(?r  WU1  not  bum  at  a11  if  the  column  is  loo 
ST*  Tbe  mmimum  .^ameter  for  successful  burning  is  smaller  for 
\ er  "uming  Powders  and  larger  for  lower  temperatures.  Those 

nowdeiNn  nJ  Jhe  f®powin8  data  obtained  on  D-5  manganese 

powdei  in  a thick  walled  steel  body. 
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Tab te  5-9. — Effect  of  Diameter  of  Delay  Column  on  Burning  Characteristics 


j Boning  r*te  I 

(«?vondfl/ln<h)  J (inchw/swnd)  j p ^ 


j Soc^ttia?  cnrniKg  a 


i Room  temp,  j 


The  effort  of  the  wall  thickness  and  the  heat  conductivity  of  the 
wall  material  on  the  burning  rate  of  gasJess  delays  has  not  been 
thoroughly  investigated.  Present  indications  are  that  this  effect 
varies  with  the  quantity  of  delay  powder,  the  total  burning  time,  and 
the  heat  capacity  and  conductivity  of  the  delay  body.  It  should 
bo  noted  that  the  effective  heat  capacity  of  the  delay  body  may  be 
changed  by  its  contact  with  other  metal  in  a complete  ordnance  device. 
Present  indications  are  that  if  a thick  walled  body  is  used,  the  con- 
ductivity is  unimportant  in  the  1-10  second  per  inch  burning  time 
range.  However,  a thin  walled  highly  conductive  body  may  tend  to 
accelerate  the  burning  rate  in  the  same  range  of  total  burning  times. 

Loading  pressures  of  gasless  delay  powders  may  be  varied  widely, 
although  fairly  high  pressures  are  required  if  the  delay  is  to  be  sub- 
jected to  high  accelerations.  It  has  been  found  that  consolidation 
pressures  of  30,000  psi  are  sufficient  to  enable  the  D-5  manganese 
delay  mixture  to  withstand  impact  forces  as  grea  t it>5  muse  C'liCO  mi  vci  6(1 


these  encountered 


bv  A.  P.  projectiles  passing  through  armor  plate,  provided  the  delay 
and  igniter  column  is  suitably  confined  by  a washer  at  each  end  of  the 
column  (ref.  (12)).  Variations  of  plus  or  minus  several  thousand  psi 
in  the  loading  pressure  have  no  noticeable  effect  on  the  burning  rate.. 

Variations  in  increment  size  in  a 0.203  inch  diameter  body  between 
200  and  700  mg.  do  not  affect  the  burning  rate.  Above  upper 
limit,  the  mixture  docs  not  consolidate  weh  anti  ine  rate  tenets  to 
decrease.  No  tests  have  been  run  below  the  lower  limit. 

The  minimum  quantity  of  igniter  necessary  to  ignite  the  manga- 
nese delay  mixture  loaded  in  0.203  inch  diameter  bodies  has  been 
found  to  bo  about  50  mg.  (ref.  (11)).  Larger  quantities  of  igniter 
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tend  to  increase  the  burning  rate  of  the  initial  increment,  of  non- 
ob tura  ted  delay  mixtures.  This  accelerat  ion  is  magnified  in  obt  urated 
delays. 

Section  3.— Other  Delay  Elements 

A number  of  other  delay  materials  have  been  used  experimentally 
in  the  electric  delav  primer  whose  general  arrangement  is  shown  in 
ficrnrn  .5—43.  The  delav  case  is  made  of  stainless  steel  and  is  crimped 
over  a bridge  wire  type  electric  initiator.  The  initiating  charge 
consists  of  5 milligrams  of  normal  lead  styphnate  loaded  around  the 
bridge  wire.  The  structure  is  the  same  as  that  in  the  instantaneous 
types  discussed  in  section  3 of  chapter  3.  except  that  the  delay  train 
is  interposed  between  the  flash  and  base  charges.  A delay  spacer, 
0.155  inch  long  followed  by  a 4-hole  delay  washer  and  a further  space 
of  0.050  inch  between  the  washer  and  the  surface  of  the  delay,  pre- 
vents the  explosion  of  the  lead  styphnate  from  disrupting  the  delay 
pellet.  Initiation  of  the  delay  is  aided  by  a cone-shaped  depression 
in  the  face  of  the  pressed  delay  next  to  the  initiating  charge.  The 
“step”  in  the  lino  of  demarkation  between  the  delay  and  the  base 
charge  aids  in  ignition  transfer  as  well  as  in  the  loading  procedure 
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Millisecond  Lead  Styphnate  Delay 

The  delay  column  /or  this  delay  time  is  X,  inch  in  diameter  and 
approximately  0.075  inch  long.  Freshly  prepared  lead  styphnate"  10  4 
milligrams,  is  dead  pressed  in  this  space  at  80,000  psi.  The  freshly 
prepared  delays  have  consistent  burning  rates,  but  this  consistency 
disappears  upon  long  exposure  to  heat  and  moisture.  This  topic  is 
discussed  on  page  2-23  under  the  heading  Other  Materials  Used  in 
bhort  Delays.  “ 

250  Millisecond  Nitrosfarch  Delay 

A C.8  mUngram  delay  charge  is  loaded  into  a '{6-inch  diameter 
cavity  with  1 milligram  ot  A-5  black  powder  added  as  a starter.  The 
Turning  time,  of  this  delay  has  not  been  consistent,  and  experiments 
are  under  way  to  determine  the  feasibility  of  using  a gasless  mixture 
m place  of  the  nitrostareh. 

Section  4.  Integral  Delay  Primers  and  Detonators 

It.  is  possible  to  enclose  a complete  delay  assembly  within  a single 
case.  As  examples  of  this  type  of  construction,  figure  5-44  shows 
the  general  arrangement  of  a flame  initiated  0.10  second  flash  delay 
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Figure  5-44.  Flame  Initiated  0,10  Second  Flash  Delay  Detonator. 

jArrrtnrrf*mt>rt  + 


CONFIDENTIAL 


5-50 


:ai”. 


ORDNANCE  EXPLOSIVE  TRAiN 
DESIGNERS’  HANDBOOK 


CONFIDENTIAL 

SECURITY  INFORMATION 


detonator,  and  figure  5-45  shows  the  general  arrangement* of  a stab 
initiated  0.02  second  delay  detonator.  These  detonators,  being  devel- 
oped under  Army  auspices  (ref.  (6)),  are  still  in  the  experimental 
stags  and  are  not  entirely  satisfactory  from  the  standpoint  of  surveil- 
lance characteristics,  shock  resistance,  and  uniformity. 
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CHARACTERISTICS  OF  DELAYS 
AND  DELAY  ELEMENTS 


Another  device  that  wight  be  considered  a variation  of  the  integral 
delay  utilizes  a throttling  bafHc  between  the  primer  and  detonator 
to  delay  the  initiation  of  the  latter  (ref.  (7)). 

Section  5. — References 

Parenthetical  numbers  preceded  by  the  letter  “S”  are  Naval 
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Chapter  6 


CHARACTERISTICS  OF  LEADS 

Section  I. — General 

Definition  of  a L 

A lead  is  that  explosive  component  of  the  firing  train  of  a fuze  which 
is  located  between  the  detonator  and  the  booster.  The  transmission 
of  detonation  from  a detonator  to  a booster  may  involve  propagation 
across  a variety  of  discontinuities,  such  as  air  gaps  and/or  metal 
disks  or  walls,  and  tlirough  constricted  channels.  The  mere  fact 
that  a detonation  wave  has  once  been  set  up  in  an  explosive  charge 
is  by  no  means  a guarantee  that,  the  wave  will  continue  to  propagate. 
I he  wave  may  continue  with  a lower  and  lower  velocity  until  eventu- 
ally it  is  moving  so  slowly  that  chemical  decomposition  ceases 
(ref.  (1)). 

There  maj'  be  one  or  more  leads  to  complete  the  path  of  the  firing 
train  between  the  detonator  and  the  booster.  If  the  lead  following 
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Figure  6-1.  Location  of  Lead-out  and  Lead-in  in  the  Firing  Train.  Armed 

Position. 


the  detonator  is  located  in  the  same  fuze  part  as  the  detonator,  it  is 
called  a lead-out.  If  the  lead  is  located  in  the  same  part  as  the  booster, 
it  is  called  a lead-in  (fig.  G-l).  In  some  cases  the  lead  is  located  in  a 
part  of  its  own  in  which  case  the  suffixes  are  omitted  (fig.  6-2).  In 
figure  6-1 , the  firing  train  is  shown  in  the  armed  position.  When  in 
the  unarmed  position,  the  detonator  holder  is  rotated  90°  from  the 
position  shown. 
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SECTION  X-X 


UXAR8r£&  POSITION  * 


SECTION  X-X 
ARMED  POSITION 
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Figure  6-2.  Location  of  a Lead  in  the  Firing  Train. 

Purpose  of  a Lead 

The  purpose  of  a lead  is  to  transmit  the  detonation  wave  from  the 
detonator  to  the  booster. 

For  a fuze  to  have  maximum  safety,  the  explosive  train  must  be 
interrupted  until  the  fuze  is  armed.  The  interruption  is  made  at 
the  detonator  and  is  usually  accomplished  by  installing  the  detonator 
in  a rotor,  slider,  or  shutter.  Explosive  material  following  the  inter- 
ruption usually  consists  of  tetryl  or  other  material  of  less  sensitivity. 
Since  the  lead  following  the  detonator  can  be  of  a comparatively 
small  diameter,  small  and  compact  mechanisms  can  bo  designed  to 
provide  the  interruption  or  discontinuity  in  the  explosive  train  until 
the  instant  of  arming. 

Section  2. — Construction 

In  the  design  of  explosive  leads,  the  lead  holes  should  be  carefully 
dimensioned  with  close  tolerances.  It  is  imperative  that  the  ram 
of  the  loading  tool  riot  bind  on  the  wall  of  the  hole  or  on  tho  wall  of 
the  cup. 
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Some  difficulty  may  be  experienced  if  die-cast  metal  is  used  for 
manufacturing  fuze  components  which  contain  detonators  or  leads. 
The  metal  may  be  too  brittle,  and  there  is  the  possibility  that  an 
imperfection  or  hole  may  be  at  a critical  point.  However,  these  con- 
ditions may  not  persist  since  die-cast  alloys  and  the  methods  of 
casting  are  rapidly  improving. 

Materiel 

Tctryl  is  almost  universally  used  as  the  explosive  charge  in  leads. 
Some  experimentation  has  been  done  with  pen tolite  and  other  explosive 
materials;  however,  at  this  writing,  none  of  them  has  been  accepted 
as  superior  to  tctryl  for  use  in  fuzes. 

Size 

Under  any  given  set  of  loading  conditions,  there  is  a minimum 
diameter  of  the  explosive  charge  that  will  support  stable  detonation. 
If  the  diameter  of  the  lead  is  below  this  critical  value,  the  detonation 
will  be  attenuated  until  it  eventually  fails,  regardless  of  how  high  the 
velocity  of  the  initiating  shock  wave  may  be.  The  critical  diameter 
for  tetryl  is  -about  0.07  inch  under  the  conditions  normally  used  in 


fuzes. 

In  general  practice,  the  diameters  of  leads  vary  from  0.075  inch  to 
0.250  inch.  The  ratio  of  length  to  diameter  usually  ranges  from  1/1 
to  3/1 ; however,  ratios  of  6/1  or  higher  are  sometimes  used  if  necessi- 
tated by  the  design  of  the  mechanism.  Experiments  have  shown 
that  a detonation  wave  in  a straight  lead  0.075  inch  in  diameter  and 
3,0  in  length  will  continue  to  propagate  at  a stable  velocity.  The 
length  to  diameter  ratios  are  not  critical  and  are  established  only  on 
the  basis  of  structural  arrangement  of  the  mechanism.  However,  the 
longer  the  lead,  the  more  difficulty  arises  in  loading  it  and  controlling 
the  density  of  the  explosive.  Ratios  less  than  1/1  are  usually  avoided 
since  a wafer  type  charge  is  structurally  weaker  and  subject  to  break- 
ing, flaking,  or  dusting. 

If  an  explosive  train  contains  mere  than  one  lead,  as  shown  in 
fimjre  6-1,  each  successive  lead  should  be  of  a larger  di&mol*r  s > that 
the  intensity  or  the  effective  energy  of  the  detonation  wave  continues 
to  build  up  as  the  wave  follows  the  constricted  explosive  charme*  vO 
the  booster.  If  the  diameter  of  the  leads  are  gradually  increased,  the 
difference  between  the  size  of  the  last  lead  and  the  booster  is  not  great 
and  will  result  in  greater  assurance  of  initiating  the  booster  charge. 
This  topic  is  discussed  in  more  detail  in  chapter  8 Explosive  author- 
ities have  stated  that  the  optimum  shape  for  the  lead  charge  would  be 
similar  to  that  of  an  exponential  horn.  A truncated  cone  shape  would 
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approximate  the  horn  shape  and  would  he  hotter  than  the  straight 
lead.  Those  shapes,  however,  would  present  problems  its  both  manu- 
facturing and  loading:  in  most  fuze  designs,  they  would  increase  the 
size  of  the  fuze  and,  in  turn,  the  size  of  the  fuze  adapter  in  the  missile. 

Control  of  Dusting  or  Flaking  of  Leads 

The  lead  is  adjacent  to  the  mechanical  safety  mechanism  that 
furnishes  interruption  to  the  explosive  train;  accordingly,  if  is  im- 
portant that  the  explosive  material  not  dust  or  flake  into  movable 
parts.  Flaking  or  dusting  would  present  a hazard,  because  of  the 
possibility  of  premature  ignition  brought  about  by  pinching  the  loose 
particles  between  metal  parts  of  the  mechanism  under  accelerations 
produced  in  transportation,  especially  those  encountered  in  projectile 
fuzes  when  fired  from  a gun.  Other  less  serious  troubles  would  be 
binding  of  movable  parts  and  loss  of  sonic  of  the  lead  barge.  Control 
of  the  dusting  or  flaking  can  be  accomplished  by  three  methods. 

(a)  A thin  metal  diaphragm  can  be  placed  between  the  safety 
mechanism  and  the  lead. 

(b)  The  exposed  lead  charge  can  he  coated  with  lacquer  or  varnish. 

(c)  The  lead  can  be  loaded  in  a thin  copper  cup. 

The  disadvantages  of  the  metal  diaphragm  are  the  possibility  of 
omission  during  assembly  and  the  danger  that  it  may  split  and  allow 

hot  gases  to  reach  the  lead  explosive  if  the  detonator  is  initiated  while 
m the  unarmed  position. 

The  liquor  or  varnish  seal  has  the  disadvantage  of  presenting  a 

posstbmty  of  gumming  of  the  movable  metal  parts  in  contact  with  it 
if  not  carefully  applied  and  dried. 

• ^uG  cup/nfh?(?  is.  superior.  It  serves  exceptionally  well  ns  a seal 
n the  event  of  initiation  of  the  detonator  in  the  unarmed  position  and 
eliminates  the  possibility  of  dusting  or  flaking  into  moving  parts. 

Allowable  Gaps  (Air,  Metal,  Etc.) 

The  gap  across  which  a detonation  wave  will  propagate  is  a function 
of  a large  number  of  factors.  Some  of  them  are: 

Type  of  explosive  on  each  side  of  the  gap. 

Densities. 

Diameters. 

Particle  sizes. 

C°pmcefeg  the  gap.Ch"rg‘'S  and  Ie"*h  °f  t'"'  CX!’l0’,iv!'  *>•»'»» 

dcZt7oTof„CTP°nCnta  1““ VC  bc°"  tlov<',“P«l  «>•»  ••'•id  transmit 
™ T an  alr  8«P  of  «veral  inches.  A detailed  discussion  of 
allowable  gaps  is  given  in  section  3 of  chapter  8 (page  8-11 ) 
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Section  3. — Type*  of  Leads 

Ueof 

The  rup-type  load  is  used  wherever  possible  and  practicable.  The 
diameters  of  cup  leads  vary  from  a minimum  of  about  0.093  inch  to 
approximately  0.200  inch. 

In  designing  the  lend  cup,  the  thickness  of  the  cup  bottom  is  of  the 
utmost  importance.  It  should  be  thin  so  as  to  offer  as  little  resistance 
as  possible  to  the  detonation  wave  from  the  detonator.  On  the  other 
hand,  the  metal  must  be  sufficiently  thick  and  ductile  to  prevent  fail- 
ure by  splitting  and  exposing  the  lead  charge  in  the  event  of  detonation 
of  the  unarmed  detonator.  Copper  or  gilding  metal  permits  easy 
fabrication  and  provides  adequate  safety.  Practice  has  shown  that 
a bottom  thickness  of  from  0.005  inch  to  0.010  inch,  depending  on  the 
diameter,  is  satisfactory  for  the  large  majority  of  cases.  Two  methods 
are  used  in  the  assembly  and  loading  of  cup-type  leads.  In  general, 
both  methods  represent  satisfactory  techniques. 

Army  lead  cup  design.  The  Army  preloads  the  lead  cup,  which  is 
pre-flangcd  as  shown  in  figure  6-3.  The  loaded  cup  is  then  inserted 
in  the  fuze  bulkhead  and  crimped  in  place  as  shown  in  figure  6-4. 
The  seal  between  the  detonator  chamber  and  the  booster  cavity  thus 
depends  on  the  crimp. 
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Figure  6-3.  A Pre-flanged  Lead  Cup  Used  by  the  Army. 


Figure  6-4.  Army  Lead  Cup  Inserted  in  Fuze.  Bulkhead. 
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This  type  of  design  has  some  distinct  advantages:  («)  ^reloading 
of  the  small  cup  permits  use  of  smaller  loading  tools  aim  fixtures. 

(b)  Less  handling  of  heavier  components. 

(c)  A loose  fitting  booster  pellet  does  not  affect  the  security  of  the 
lead  in  the  bulkhead  unless  high  set-back  accelerations  are  encountered. 

There  are  disadvantages,  also,  to  this  type  of  design: 

(u)  The  crimping  operation  requires  additional  machining  of  the 
bulkhead  to  accept  the  flange. 

(6)  Additional  handling  of  the  loaded  lead  when  stripping  from  the 
loading  tool and  srihec /tent  insertion  and  crimping  in  the  bulkhead 
presents  ihe  possibility  < ‘ disturbance  of  the  charge. 

(c)  In  projectile  fuzes  where  high  accelerations  are  encountered  in 
setback  and  the  booster  pellet  Is  loose  fitting,  there  is  a possibility  of 
the  lead  charge  slipping  backward  and  thus  increasing  the  gap  between 
the  detonator  and  the  lead  charge. 

Navy  lead  cup  design.  It  has  been  the  practice  of  the  Navy  to 
load  the  lead  in  place.  The  empty  cup  is  placed  in  the  bulkhead  and 


Figure  6~S.  Lead  Cup  Placed  in  Fuse  Bulkhead,  Then  Flanged. 

flanged  (fig.  6-5),  and  the  explosive  charge  is  then  pressed  into  place. 
This  operation  expands  the  sides  of  the  cup  tightly  against  the  walls 
of  the  bulkhead  lead  hole.  No  crimping  is  employed  and  a close  fit 
is  dependent  upon  the  swelling  of  the  ductile  cup  against  the  side 
walls.  The  flange  serves  to  secure  the  lead  in  the  lore  direction. 

This  type  of  design  has  the  following  advantages: 

(a)  No  handling  of  lead  after  loading  thereby  minimizing  the 
possibility  of  charge  disturbance. 

(6)  Simpler  hole  in  bulkhead. 

(c)  Soft  steel  or  brass  flanging  tool  sufficient. 

Disadvantages  of  this  type  of  design  are  as  follows: 

(«)  Increased  handling  of  heavy  fuze  bodies. 

( b ) Larger  loading  tools  necessary. 

(c)  Loose  fitting  booster  pellet  may  leave  entire  lead  assembly 
unsupported  in  aft  direction. 

fi-A 
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Non-cop  Typ«  Leeds 

The  non-cup  type  lead  (or  open-type  lead,  as  it  is  sometimes  called) 
is  often  used  where  the  fuze  parts  and  the  leads  are  so  small  that  it 
would  be  impractical  to  use  a cup.  In  this  type  of  lead,  which  may 
be  as  small  as  0.075  inch  in  diameter,  the  lead  charge  is  loaded  directly 
into  the  bulkhead  or  other  fuze  component  without  benefit  of  a cup. 
The  exposed  enci  oi  the  lead  charge  must  be  sealed  by  a lacquer  or 
varnish  to  prevent  or  minimize  the  possibility  of  dusting  or  flaking  into 
the  moving  parts.  Great  care  must  be  taken  to  prevent  excess  coating 
of  the  lead  or  on  the  metal  around  tliS  lead  charge  to  prevent  inter- 
ference with  proper  arming  of  the  safety  mechanism.  Thorough  dry- 
ing must  be  accomplished  for  two  reasons: 

(a)  To  reduce  the  possibility  of  the  moving  parts  becoming  gummed 
and  inoperable. 

(b)  To  insure  against  volatiles  being  entrapped  in  the  interior  of  a 
sealed  fuze  where  they  may  attack  other  types  of  explosive  charges 
or  the  metal  surfaces. 

In  designs  where  safety  devices  slide  or  rotate  on  the  lead  charge 
bulkhead,  the  non-cup  lead  should  be  loaded  approximately  0.005 
inch  below  the  surface  to  permit  space  for  the  sealing  material 
(fig.  0-6).  . 


SLIDER 
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Figure  6-6,  Non-cup  Type  Lead. 


Where  high  shock  conditions  are  likely  to  be  encountered,  some 
provision  must  be  made  to  further  secure  the  lead  charge  m place  by 
supplementing  the  side  wall  friction  obtained  during  consolidation. 
Scoring  of  the  wall  of  the  lead  hole  has  been  used  satisfactorily  as 
shown  in  figure  6-7.  Scoring  can  be  accomplished  by  tapping  the 


Figure  6-7.  Scoring  of  the  Wall  of  the  Lead  Hole. 
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lead  hole  and  then  passing  a drill  through  to  remove  the  create  of 
the  threads  (unless  very  fine  threads  are  used):  thus  Lie  seventy  of 
the  scoring  is  tempered  to  reduce  the  no.Wohty  c.  .ass  m charge 
density  bv  binding  in  die  scores  or  grooves.  ;or  this  type  m -an, 
loading  pressures  of  15,000  to  20,000  psi  are  usually  used 
It  is  often  desirable  and  advantageous  to  load  the  lean  by  one  of 
the  following  methods:  . 

(<r)  If  average  accelerations  arc  to  be  expected,  as  encountered 
upon  impact  of  light  plate  or  water,  tetryi  pellets  (preformed  at  10,000 

psi)  may  be  used  for  the  lead.  __ 

(6)  If  high  accelerations  are  expected,  as  encountered  upon  impact 
of  heavy  armor  plate,  tetryi  pellets  that  have  been  preformed  at. 
approximately  50  percent  of  the  final  loading  pressure  may  be  used 
and  then  reconsolidated  in  place  at  the  final  pressure. 

Section  4.~“Loadmg  Techniques 

The  lead  is  one  of  the  most  critical  components  of  any  explosive 
train.  A large  percent  of  ammunition  lot  failures  experienced  In- 
loading  plants  during  World  War  II  were  traced  to  improper  consoli- 
dation of  the  lead  charge.  Low  order  functioning  was  the  usual  result. 

Loading  pressures  vary  in  practice  from  5,000  psi  to  20,000  psi, 
depending  on  the  acceleration  forces  encountered  by  the  missile  or 
weapon  in  launching  or  at  impact.  Leads  for  general-purpose  bomb 
fuzes  are  pressed  at  the  lower  pressures;  whereas,  armor  piercing 
bomb  and  projectile  fuzes  use  the  higher  pressures.  In  general, 
10,000  psi  serves  well  in  the  majority  of  applications;  tetryi  has  a 
density  of  about  1.58  at  this  pressure.  Occasionally,  loading  speci- 
fications call  for  the  lead  to  be  loaded  to  a certain  density  rather  than 
at  a certain  pressure. 

Tetryi  approaches  its  maximum  density  (of  approximately  1.73) 
when  pressed  at  26,000  psi.  The  sensitivity  of  tetryi  decreases  as 
the  loading  pressure  is  increased  (sec.  2;  page  7-12).  Recrystailived 
tetryi  is  used  for  lead  loading.  The  coarser  grain  sizes  arc  undesirable 
because  it  is  more  difficult  to  attain  a uniform  density  while  pressing. 
Use  of  the  coarser  grains  may  cause  low  order  detonation.  One  of  the 
Navy  loading  plants  has  made  it  a practice  to  use  tetryi  held  on  a 
60-mesh  screen  (L,  S.  Standard)  and  passed  on  a 40  -IT)  Con  oC  reen  for 
making  leads.  The  remainder  is  used  for  the  manufacture  of  booster 
pellets.  In  order  to  insure  free  flowing  of  the  tetryi  in  pelleting  presses 
and  loading  tools,  it  is  permissible  to  add  2 percent  graphite,  which, 
acts  as  a lubricant. 
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Loads  with  a length  lo  diameter  rutin  of  1.5  to  ! can  be  loaded 
in  a single  increment;  however,  those  with  greater  ratios  should  be 
loaded  in  multi-increments  to  reduce  the  density  gradient. 

During  loading  the  closed  end  of  the  lead  cup  must  be  firmly  sup- 
ported so  that  after  loading  the  end  of  the  lead  cup  will  he  flush  with 
the  bui.-diead  and  will  not  cause  interference  with  the  movable  parts 
of  the  mechanism. 


In  the  loading  of  leads,  it  is  desirable  that  the  loaded  lead  he  flush 
*it!1  .^0  surface  of  the  metal  after. the  compression  operation  except 
under  conditions  previously  noted  in  the  preceding  section  and  in 
cases  where  it  is  difficult  to  check  the  height  of  the  loaded  lead.  In 
the  latter  case,  it  is  sometimes  desirable  to  “overload”  the  lead 
slightly  (not  to  exceed  0.04  inch  or  0.05  inch)  and  then  break  off  the 
excess.  The  “break  off”  is  accomplished  by  rotating  the  funnel  of 
the  loading  tool.  In  all  instances  the  “break  off”  will  be  practically 
flush  with  the  surface  of  the  metal,  provided  the  radius  of  the  arris 
at  the  mouth  of  the  lead  hole  does  not  exceed  0.004  inch  or  0.005  inch. 

Close  inspection  of  the  loading  of  leads  is  a necessity.  Binding 
of  the  loading  ram  in  the  loading  tool  or  excessive  friction  in  the 
loading  press  are  two  things  which  must  he  avoided.  If  either  of 
these  conditions  is  present,  the  lending  pressure  cannot  be  controlled 
and  improper  consolidation  will  result.  The  design  of  the  loading 
tool  is  a very  important  factor  and  is  discussed  in  detail  in  chapter  10. 

During  World  War  II,  many  loading  plants  maintained  a close 
check  on  the  density  by  carefully  pressing  out  the  loaded  pellet  and 
dropping  it  into  aqueous  solutions  of  zinc  chloride  (ZnCl2)  prepared 
to  different  densities.  The  density  of  the  pellet  was  bracketed 
between  the  densities  of  the  two  solutions  wherein  the  pellet  sunk 
and  floated. 


Section  5. — An  Actual  Firing  Train  Design 

1 

An  actual  design  of  a firing  train  for  a fuze  (drawn  to  scale)  h shown 
in  figure  6-8.  This  illustration  will  enable  the  reader  to  obtain  a 
comparative  view  of  the  related  components.  This  particular  de- 
sign was  selected  as  an  example  because  it  utilizes  three  different 
types  of  leads.  Lead  A is  a non-cup  type  lead  with  a scored  wall: 
load  B is  a cup  lead;  and  load  C is  a non-cup  lead  made  of  preformed 
pellets.  The  dimensions  of  the  lead  charges  are  given  in  table  6-1. 
The  dimensions  and  tolerances  of  the  lead  holes,  lead  cup,  and  re- 
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Section  6. — References 

Parenthetical  number  preceded  by  the  letter  “S”  is  Naval  Ordnance 
Laboratory  file  number. 

(1)  NavOrd  Report-  70-46,  Chapter  3,  The  Stability  of  Detonation, 
Frick  Chemical  Laboratory  (8-10776). 
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Chapter  7 

CHARACTERISTICS  OF  BOOSTERS 

Flu*  booster  is  the  final  element  in  the  explosive  train.  It  is  a 
charge  of  moderately  sensitive  high  explosive,  that  is  initiated  by  a 
detonator  or  a lead  and  that  in  turn  initiates  the  main  charge  in  the 
ordnance  item. 

Tor  convenience,  the  discussion  of  boosters  is  divided  into  con- 
struction, sensitivity,  and  output. 

Section  I. — Booster  Construction 

General  Considerations 

This  section  concerns  itself  with  a treatment  of  booster  construc- 
tion ns  represented  by  current  domestic  fuze  practice.  Those  per- 
formance requirements  of  a fuze  which  affect  the  selection  of  the 
size,  type,  shape,  and  construction  method  for  any  given  booster 
design  are  considered.  The  type  of  ordnance  item  of  which  the  fuze 
is  a part  determines  the  use  and  forces  to  which  the  booster  will  be 
subjected  and  hence  sets  limitations  on  the  location,  method  of  loading, 
and,  sometimes,  the  size  of  the  booster  to  be  used.  Tor  example, 
different  designs  must  be  used  when  boosters  are  loaded  in  a fuze  for 
use  with  armor-piercing  projectiles  as  compared  with  those  in  fuzes 
to  be  used  in  missiles  not  subject  to  heavy  impacts.  It  should  be 
noted  that  many  designs  represent  a compromise  with  respect  to  ideal 
booster  requirements,  that  is,  fuze  geometry,  weight,  manufacturing 
processes,  etc.,  may  necessitate  a modification  of  a desired  design. 

Current  Practice 

Materials.  There  are  a number  of  potentially  useful  high  explo- 
sives suitable  for  loading  boosters,  but  tetryl  is  used  almost  exclusively 
in  this  country  for  booster  applications.  Pentolite  and  various 
RDX/wfix  mixtures  (ref.  (12))  are  used,  or  have  been  proposed  foi 
use  with  some  service  designs.  Pressed  TNT  is  not  used  as  a primary 
booster  because  it  is  not  reliably  initiated  by  tetryl  leads  of  the  size 
employed  in  current,  fuze  designs;  however,  it  is  often  employed  as  a 
secondary  or  auxiliary  booster  between  the  fuze  and  the  main  charge. 
Consideration  of  examples  of  current,  designs  will  be  restricted  to 
those  booster  assemblies  employing  tetryl,  but  the  characteristics 
cited  are  also  applicable  to  the  other  materials  mentioned. 

Tetryl  used  for  booster  applications  may  range  in  granulation  from 
eight  to  one-hundred  mesh  and  may  include  tetryl  recovered  from 
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other  loading  operations.  Approximately  two  percent  of  natural 
graphite,  barium,  or  calcium  stearate  is  usually  mixed  with  the 
granulated  tetryl  before  pressing,  to  serve  as  a lubricant  for  both  the 
charge  and  the  loading  tool  during  the  consolidation  of  the  load. 

loading.  A primary  consideration  in  the  loading  of  boosters  is  the 
problem  of  maintaining  proper  densities  throughout  the  charge,  since 
considerable  variation  in  the  booster  sensitivity  and  output  occurs 
with  changes  in  the  charge  density.  In  current  loading  practice, 
tetryl  is  pressed  to  a density  of  1.40  to  1.55  (with  recent  trends  indi- 
cating the  future  use  of  densities  as  high  as  1.(55).  The  density  is 
indicated  on  the  drawing  of  the  fuze  or  other  dev  .ce  by  specifying  a 
given  weight  of  charge  together  with  ...r  consolidating  pressure 
and  /or  the  cavity  or  pellet  form  into  which  it  is  to  be  pressed.  Specifi- 
cations may  set  forth  a required  density  in  lieu  of  one  of  the  above 
conditions. 

Maintenance  of  the  required  densities  is  generally  the  limiting 
factor  with,  respect  to  determining  the  size  of  charge  that  may  be 
pressed  in  a single  loading  operation.  For  example,  the  AN— Ml 03 A! 
Bomb  Fuze  requires  a cylindrical  tetryl  booster  1.295  inches  in  diam- 
eter and  1.60  inches  long.  It  is  common  practice  to  produce  this 
booster  by  pressing  the  charge  in  several  increments  or  by  slacking 
preformed  pellets,  because  it  would  be  difficult  to  maintain  the  density 
within  specifications  if  the  charge  were  pressed  in  a single  increment. 
Consolidating  pressures  for  the  loading  oi  tetryl  boosters  generally 
range  from  5,000  psi  to  15,000  psi  depending:,  of  course,  on  the  size 
and  shape  of  the  charge  being  pressed. 

Assembly  methods.  In  general  there  are  three  methods  of  loading 
the  booster  charge  in  the  fuze: 

(а)  By  placing  fully  consolidated  preformed  pellet  or  pellets  in  a 
suitable  cavity  or  housing  of  the  fuze. 

(б)  By  pressing  a loose  tetryl  charge  into  a suitable  cavity  of  the 
fuze  assembly  ader  final  consolidating  pressures. 

(c)  By  placing  a lightly  consolidated  preformed  pellet  in  a cavity 
of  the  fuze  assembly  and  applying  full  consolidating  pressure  with  the 
pellet  in  place. 

Method  (a)  is  a technique  much  employed  in  fuze  practice.  Pellets 
can  be  produced  to  close  tolerances  and  with  great  uniformity  when 
pressed  by  automatic  equipment.  It  is  to  be  noted  that  when  pellets 
are  pressed  with  a static  anvil  in  the  mold  a density  gradient  exists 
through  the  length  of  the. pellet,  with  the  greatest  density  and  hence 
the  least  sensitivity  in  that  end  adjacent  to  the  ram  in  the  loading  tool. 
Accordingly,  an  identifying  mark  is  generally  formed  into  the  denser 
end  oi  the  pellet  in  order  to  identify  the  less  dense  face  so  that  it  may 
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be  placed  adjacent  to  the  source  of  imliulioti.  Necessity  for  orientation 
of  the  pellet  faces  is  undesirable  since  additional  care  is  required  during 
assembly,  and  another  opportunity  for  error  is  afforded.  The  use  of 
pellet  molds  with  double  rams  considerably  reduces  the  importance 
of  the  variation  in  density  within  the  pellet  and  hence  eliminates  the 
orientation  requirement.  Figure  7-1  represents  an  example  of  a 
booster  of  this  type,  with  the  conventional  loading  instructions  indi 
catcd.  It  is  usually  necessary,  when  using  pelleted  boosters  in  a 
fuze  assembly,  to  compensate  for  tolerance  accumulations  which,  if 
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WADING  INSTRUCTIONS 

PELLET  TO  BE  SEPARATELY  MOLDED  BY  MACHINE  AND  TO 
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WITH  MARK  TOWARD  BOOSTER  CAP  vims  A! 

ADDITION  OF  NOT  MORE  THAN  2 * POWDERED  NATURAL 
GRAPHITE  TO  TETRYL  IS  AUTHORIZED 

Figure  7-1.  Booster  Pellet,  Tetryl. 

uncorrected,  would  allow  movement  and  consequent  potential  breakup 
of  the  booster  pellet  before  functioning.  Felt  or  paper  spacers  are 
employed  for  this  purpose;  but,  in  all  cases,  the  pellet  must  be  as 
rigidly  mounted  as  possible,  depending,  of  course,  on  the  forces  to 
which  the  fuze  will  bo  subjected. 

Method  ( b ) as  noted  above  is  principally  employed  in  applications 
where  greater  strength  m assembly  is  required,  and  -s 
in  fuses  for  rounds  likely  to  undergo  severe  impacts,  with  their  re 
Bultant  high  retardation  forces.  This  type  of  loading  is  also  used 
where  unusual  cavity  shapes  require  it.  The  principal  arawback  of 
integral  loading  is  that  it  requires  handling  the  relatively  large  ana 
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' eary  fuze  bodies  during  the  loading  operation.  It  is  to  he  no  red  that 
it  is  difficult  to  specify  a fixed  weight  of  charge  for  loading,  because  of 
tolerances  allowed  for  machining  cavities.  For  this  reason,  it  is  cus- 
tomary to  lead  cavities,  with  the  consolidating  pressure  specified, 
until  the  face  of  the  charge  is  flush,  within  tolerances,  with  a surface 
or  other  reference.  Although  it  is  not  considered  to  be  good  loading 
practice,  cavities  can  be,  and  sometimes  are,  overloaded  and  the  excess 
tetryl  broken  off  or  removed  in  a trimming  operation.  Additional  re- 
sistance to  break  up  upon  impact  can  be  attained  by  having  very 
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figure  7 2.  Booster  Assembly  for  Bose  Detonating  Fuze  Mk  9.1  Type. 

rough  or  scored  cavity  walls  to  retain  the  charge  in  position.  Figure 
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projectiles  not  subject  to  heavy  target  impacts.  It  may  not  be  em- 
ployed in  geometrically  simiiar  Base  Detonating  Fuze  Mk  21,  used 
in  armor-piercing  projectiles.  This  method  is  suitable  for  the  loading 
of  booster  cavities  of  unusual  shapes  where  movement  of  the  ram 
into  the  cavity  during  the  consolidating  stroke  is  restricted,  as  with 
bulk  loading  into  elliptical  or  hemispherical  cavities. 
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Figure  7-3.  Base  Detonating  Fuze  Mk  28  Type , Assembled  to  5 Inch 

A.  A.  C.  Projectile. 

Booster  shape.  The  shape  of  the  booster  pellet  is  determined 
largely  by  the  design,  but  often  it  is  modified  by  virtue  of  mounting 
requirements  or  space  limitations.  For  ease  m assembly  and  loan- 
ing, most  current  designs  utilize  cylindrical  boosters.  However 
cylindrical  boosters  with  low  length  to  diameter  (L/D)  ratios,  that 
is  less  than  0.3/1,  in  addition  to  being  undesirable  ,ro«. . w.e  s*auu 
point  of  functioning,  are  subject  to  fracture  and  haKmg  during 
handling  before  and  after  loading  into  the  fuze.  The  L/D  ratios  us.d 
in  existing  designs  employing  cylindrical  boosters  range  from  approx  - 

mately  0.5/1  to  1.3/1. 
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Many  fu^ie  designs  employ  con-cylindrical  boosters,  the  noc(i  for 
which  is  brought  about  by  individual  weight,  spare,  or  other  require- 
ments that  necessitate  a more  complex  shape.  These  may  appear  it> 
the  form  of  elliptical  or  compound  conical-cylindrical  boosters.  A 
booster  having  an  increasing  cross  section  in  a direction  outward  from 
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Figure  7-4.  Booster  Assembly  for  Base  Detonating  Fuze  M60  Type. 

the  initiating  lead  is  functionally  more  efficient  in  that  it  results  in  a 
maxim  am  eve  opment  of  the  wave  front  in  the  booster  material  and 
results  m greater  surety  of  initiating  the  main  charge. 

oY;tnir  *PVf  booster  wil1  Produce  a directional  wave  along  the 
re“X  esPewa%  when  relatively  strong  side  confinement 

n71rXa'.  • ihlS  Chara^enstic  of  directional  output  is  utilized  in  fuze 
' ~ a tl0ns>  especially  for  armor-piercing  missiles,  which  often 
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cannot  accommodate  large  cylindrical  boosters  because  of  the  diffi- 
culty of  mounting  such  charges. 

Or  these  missiles,  the  available  charge  volume  must  be  utilized 
as  efficiently  as  possible.  This  principle  will  also  apply  wherever 
space  is  a critical  factor.  Boosters  integrally  assembled  into  non- 
cylindrical  cavities  are  very  difficult  to  load  and  require  greater  care 
in  assembly.  In  addition,  they  require  extra  handling  and  trimming 
operations  and,  accordingly  they  are  undesirable  from  the  standpoint 
of  loading  in  production.  Booster  designs  have  been  proposed  in 
which  the  explosive  acts  as  a shaped  charge  to  initiate  an  auxiliary 


FUZE  SLEEVE 
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{ BRASS) 


PROJECTILE 

BODY 
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Figure  7—5.  Booster  Assembly  for  Auxiliary  Detonating  Fuze  Mk  44. 

booster  at  distances  up  to  five  inches.  Few  such  designs  have  been 
produced. 

Conflnemant  and  mounting.  In  all  cases,  the  booster  -must  be 
mounted  so  that  it  will  be  functional  and  remain  in  position  relative 
io  the  other  mechanical  and  explosive  components  of  the  train  vrhile 
being  subject  ed  to  all  the  forces  the  assembly  is  required  to  withstand. 
Examples  of  typical  variations  in  booster  mounting  and  the  relation- 
ship of  the  booster  charge  to  the  burster  charge  are  shown  in  figures 

7-2  to  7-6  inclusive.  _ 

t?! *7  o o nmi a bfisG  fuz of  tb.6  IN  avy  JVlit  21 

type.  The  boosters  (two)  are  pressed  into  cavities  m the  fuze  body  and 
arc  confined  by  solid  metal  on  all  sides.  The  faces  of  the  boosters  are 
covered  with  *0.032  inch  alloy  steel  sheet.  The  charge  in  tms  case 
is  small , approximately  1 .6  grams  of  retry!  per  cavity.  The  conditions 
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present  in  this  design  may  render  it  critice!  with  respect-  to  reliable 
functioning  of  the  burster  if  additional  interference  is  introduced 
between  the  booster  and  the  burster  charge.  This  fuze  represents 
an  example  of  an  assembly  that  cannot  be  modified  to  receive  a larger 
booster  without  excessively  weakening  the  structure  or  increasing  the 
diameter  of  the  fuze  body.  An  auxiliary  booster  is  not  used  with  this 
♦ypg  (jf  assembly.  Boosters  H»»UHsd  in  1-stiS  •naniier  *ue  *er>  rugged 


y xy 

LEAD  HOLDER 


BOOSTER  PELLET 
TETRYL, 53  GRAMS 
/ APPROX 

800STER  CASE 
.105  INCH  STEEL 

FUZE  SEAT  LINER 
031  INCH  STEEL 


Figure  7~6.  Booster  Assembly  lor  Bomb  Fuze  AN-M1 03A1 . 


and  have  withstood  severe  impacts  without  fracturing  when  fired 
in  6"  to  16"  AP  projectiles. 

Figure  7-4  represents  a projectile  base  fuze  of  the  Army  MtiO 
type  and  is  an  example  of  an  undesirable  design  from  the  standpoint 
of  ease  of  loading.  This  fuze  is  subject  to  heavy  impacts  as  a compo- 
nent of  armor  piercing  projectiles.  The  booster  is  strongly  confined 
and  hence  is  strongly  supported.  The  charge  is  pressed  in  two  parts, 
one  part  into  the  body  cavity,  the  other  into  the  closing  screw.  The 
tetryl  must  bo  loaded  flush  with  the  referenced  surface  so  ns  to  insure 
a continuous  charge  upon  assembly.  The  booster  consists  of  approx- 
imately 29  grams  of  tetryl,  integrally  loaded,  and  pressed  to  a required 
density.  This  fuze  is  used  in  6"  and  8"  AP  projectiles. 
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Figure  7-5  illustrates  the  boo  mer  of  the  Navy  Auxiliary  Detonating 
Fuze  Mk  44,  which  is  representative  of  a type  of  booster  mounting 
employed  for  assemblies  not  subject  to  large  impact  forces.  The 
pelleted  charge  of  approximately  25  grams  of  tetryl  is  assembled 
in  a 0.078  inch  steel  cup  and  threaded  into  the  brass  fuze  body. 
This  assembly  is  intended  for  use  with  impact  fuzes  with  superquick 
functioning  and  with  time,  fuzes  for  flight  functioning;  hence,  it  is 
normally  subjected  to  no  greater  forces  than  those  which  it  undergoes 
during  gun  firing.  This  fuze  has  been  satisfactory  for  use  in  pro- 
jectiles ranging  in  size  from  3"  to  6",  the  great  or  forces  being  experi- 
enced in  the  smaller  calibers.  It  is  common  for  this  fuze  to  be 
separated  from  the  burster  charge  by  a 0.025  inch  or  0.031  inch  fuze 
seat  liner.  The  degree  of  confinement  of  the  booster  is  not  great 
and  is  determined  largely  by  the  initiating  fuze  body  into  which 
this  auxiliary  fuze  is  assembled. 

Figure  7-G  represents  the  booster  and  fuze  seat  liner  assembly 
of  a conventional  bomb  fuze  for  general  purpose  bombs.  The 
pelleted  tetryl  charge  of  approximately  53  grams  is  mounted  within 
a 0.035  inch  steel  sleeve  that  is  encased  by  a 0.105  inch  steel  cup. 
The  pellet  or  pellets  arc  supported  at  the  proper  height  by  pressed 
felt  disks  such  that,  in  the  assembled  position,  the  charge  isolated 
from  the  booster  case.  This  type  of  fuze  is  normally  fitted  into  a 
fuze  sent  liner  of  0.025  inch  or  0.031  inch  steel  incorporated  into  the 
munition.  The  total  interference  is  thus  on  the  order  of  0.160  inch 
of  steel  between  the  booster  and  the  main  charge.  This  mounting 
is  not  considered  sufficiently  strong  to  withstand  severe  target  impacts 
and  remain  functional.  The  surety  of  functioning  is  enhanced  by 
the  fact  that,  this  booster  is  imbedded  within  the  burster  which  it  is 
to  initiate. 

Section  2. — Booster  Sensitivity 

Various  considerations  in  fuze  design  place  a severe  limit  on  the 
permissible  physical  size  of  the  several  fuze  element®.  As  a result,  toe 
shock  produced  by  the  fuze  detonator  or  lead  will  genera  y c m 
sufficient  reliably  to  initiate  directly  the  main  explosive  charge,  which, 
for  very  cogent  reasons,  will  itself  have  been  designed  to  wit  stan 
very  considerable  shocks  of  all  sorts.  A “booster”  is  therefore  intro- 
duced between  the  fuze  lead  and  the  main  charge  to  transmit  an,,  at 
the  same  time  intensify  the  shock  produced  by  the  fuze. 

In  serving  its  purpose  as  a detonation-transfer  medium  from  the 
small  detonator  (or  lead)  to  the  main  charge,  ft  booster  must  be  so 
designed  that  it  will,  itself,  be  reliably  detonated  by  that  tram  element 
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preceding  it  At  the  same  time,  it  must  be  capable  of  withstanding 
such  extraneous  impulses  as  those  resulting  from  launching  accelera- 
tions, target  or  "water  impact  decelerations,  and  the  general  shocks  of 
rough  handling  in  loading  and  transit.  These  conflicting  sensitivity 
requirements  constitute  the  first  phase  of  the  booster-designer's 
problem,  which  differs  from  the  second  phase  (considered  in  section  3) 
only  in  that,  whereas  both  the  booster  and  its  preceding  train  element 
are  generally  under  the  control  of  the  fuze  designer,  the  main  charge  is 
generally  not  under  his  control,  having  been  designed  for  maximum 
damaging  power  and  minimum  sensitivity. 

Effect  of  Booster  Explosive  on  Sensitivity 

The  principal  method  of  achieving  the  proper  sensitivity  in  a 
booster  has  been  that  of  choosing  for  its  fabrication  an  explosive  of 
suitable  sensitivity.  The  general  acceptance',  in  this  country,  of 
pressed  Tetryl  as  a booster  explosive  is  about  the  only  available 
general  sensitivity  specification.  For  weapons  in  which  large  boosters 
may  be  used,  materials  even  more  insensitive  per  se,  such  as  granular 
TNT,  have  been  employed;  though  this  particular  material  seems 
relatively  undesirable  both  because  of  its  low  output  and  unstable 
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density  (which  might  lead,  by  compaction  on  impact,  for  example,  to 
the  development  of  large  air-gaps).  Table  7-1  presents  sensitivity- 
test  results  of  several  kinds  for  a variety  of  possible  booster  explosives, 
many  of  which  have  sensitivities  of  the  same  order  of  magnitude  as 
Tetryl;  materials  of  sensitivities  distinctly  higher  and  lower  than 
Tetryl  have,  however,  been  included  for  consideration  in  special 
circumstances  under  which  such  properties  might  be  required..  A 
schematic  diagram  of  the  apparatus  used  is  presented  in  figure  7-7. 

Tabi.e  7—1. — Sensitivity  Test  Values  for  Possible  Booster  Explosives 


I 

i 

Txnln.lx,,  1 

Eipknrfrr  | (H-  ,n  1 

i 

1 

Minimum  priming 
charge  teat  f grama 
dlaxedi  ni  trap  he  no!) 

Cap  test3 
(inches  wax) 

Preeaed > 

Cast 

0.09 

.13 

.15 

.13 

tmv  17  

23 

0.29 

.21 

38 

2.36 

2:32 

2. 03 
1.67 

3 8 

4 (r*l.  i?> 

42...'. 

.17 

.19 

2.01 

38  



1. 94 

1.82 

1.52 

1.40 

Tetrytoi  75/2* 

7f) 

.19 

.21 

.21 

.29 

.31 

.33 

62 

80 __ 

T\’T  

170 

(0.72) 

1. 66  to  0.  Si 

i Drop  height  in  centimeters  -with  a 2 kilogram  weight  to  give  SO  percent  initiation  of  the  explosive. 
3 Tested  at  density  of  1.4. 
i See  figure  7-7  for  diagram  of  apparatus. 

1 At  usual  press-loading  densities. 


freer  or  Physical  Form  or  Booster  Explosive  on  jensifivify 

The  impact  sensitivity  tests  of  table  7—1  have  been  on  granular 
articles  which  probably  lose  their  form  before  they  explode,  but  the 
linimum  priming  charge  and  gap  tests  have  been  made  on  both  the 
ast.  and  pressed  form  of  a number  of  materials.  Both  tests  agree 
hat  any  given  explosive  is  considerably  easier  to  initiate  when  pressed 
han  when  cast.  Tetryl  cannot  be  cast,,  but  the  data  m table  7 1 
■unrest  that  either  cast  Pentolite  50/50  or  cast  PTX-2  might  be  sub- 
tituted  for  pressed  Tetryl  without  substantially  changing  the  sensi- 
ivitv  of  the  resulting  booster,  whereas  either  of  these  materials,  when 
tressed,  would  give  a distinctly  more  sensitive  booster  than  Tetryl. 

ifftcf  of  Booster  Density  on  Sensitivity 

The  minimum  priming  charge  results  given  in  table  7-1  were  aeter- 
nined  at  density  1.4;  the  gap  test  (fig.  7-7)  results  are  for  represen- 
ative  loading  densities  of  the  materials  m question.  Consideration 
>f  minimum  priming  charges  as  a function  ol  receiver-density  sug- 
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gests  a general  increase  in  sensitivity  with  decreasing  density;  hut 
the  results  are  not  uniform  (ref.  (1)).  The  precision  of  the  gap  test 
permits  a more  detailed  insight  into  the  effects  of  loading  density 
upon  the  ease  of  initiation.  Figure  7-8  shows  the  critical  gap  lengths 
(inches)  for  several  explosives  ns  a function  of  percent  voids.  (Good 
press-loading  practice  can  usually  produce  pellets  having  percent  voids 
between  5 and  10  without  undue  difficulty.)  Figure  7-8  reveals  that 
at  around  25  percent  voids,  granular  TXT  has  income  almost  as  easy 
to  initiate  as  densely-pressed  Tetryl;  that  low -density  T’etrvi  is  easier 


■V^o 
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JLI7E 

^tetryl^ 

tnt 

o 

COMP,  t 

I-  • 4 

PER  CERT  VOIDS 

Figure  7-8.  Critical  Gap  Lengths  ( Inches ) for  Several  Explosives  as  a 
Function  of  Percent  Voids. 


to  initiate  than  pressed  Pentolite;  but  that  with  both  materials  at 
-o—  Owiotuv,  me  r entolite  is  much  more  sensitive. 

Such  materials  as  Pentolite  and  Composition  A appear  to  offer 
peculiar  advantages  as  booster  explosives,  because  their  sensitivities 
seem  to  be  independent  of  density  over  a wide  range.  It  is  likelv 

inden°LT?ateria  S/.an  bc  developed  which  will  display  this  density- 
. -on~e—  easf  01  "“Nation  at  any  desired  sensitivity;  Pentolitcs 
rent  W than  50/50'  wax(‘(!  RD^  with  less  than  9 per- 

Advnnt  ^ fET^’  and  WaXC<1  HftleitC  arf!  obvious  possibilities. 
Advantages  of  such  materials  an,  rather  dear,  but  a few  might  be 
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,,oi.itr<l  mil  to  ofTaot  a !ogi<„!  „l,j,.<.,bn  to  complicating  a booster- 
designer's  repertoire  with  more  than  one  or  two  explosives: 

(a)  Such  materials  would  not  he  easier  to  detonate  in  bulk,  as 
shipped  and  handled,  than  in  their  high-density,  loaded  form. 

(' b ) With  a variety  of  stable  sensitivities  ic  draw  upon,  the  designer 
eould  suit  the  sensitivity  to  the  output  of  the  preceding  train  element 
more  precisely , production  variations  in  booster  density  would  not 
affect  functioning  critically. 

(c)  Materials  of  this  sort  may  generally  be. expected  to  have  the 
highest  output  performance. 

Effect  of  Booster  Explosive  Granulation  on  Sensitivity 

It  is  probable  that,  even  for  explosives  as  sensitive  as  those  employed 
in  boosters,  the  particle  size  distribution  of  the  explosive  is  important 
for  sensitivity,  although  the  details  of  the  effect  are  not  well  under- 
stood. The  data  given  in  tabic  7-1  and  figure  7-8  refer  to  materials 
of  current  production  granulation.  Generally  speaking,  finer  mate- 
rials have  shorter  reaction  zone  lengths,  which  aid  rapid  establish- 
ment of  stable  rates;  but  also,  the  more  nearly  uniform  the  particle 
size,  the  greater  the  sensitivity.  At  present,  little  more  than  a warn- 
ing of  the  existence  of  the  effect  can  be  given. 

Effect  of  Booster  Shape  and  Confinement 

Booster  shapes,  generally  speaking,  are  probably  of  no  importance 
in  booster  sensitivity  npd  will  be  fixed  by  output  considerations. 
Confinement  probably  has  no  effect  on  booster  sensitivity,  except  to 
the  extent  that  it  may  affect  the  output  of  the  previous  clement  in  the 
explosive  train.  The  absolute  booster  dimensions,  however,  are  of 
some  importance.  A very  critical  period  in  the  life  of  the  detonation 
starts  where  it  leaves  the  small-diameter,  confined  lead  and  expands 
into  the  larger  booster,  even  though  both  elements  are  in  perfect 
contact  and  of  identical  composition.  While  the  radius  of  curvature 
of  the  detonation  is  small,  it  will  proceed  at  reduced  rate;  as  the 
radius  increases,  the  detonation  will  gradually  accelerate;  more- 
over, the  velocity  will  be  even  slower  as  the  angle  from  the  original 
lead  axis  increases.  In  those  low-velocity  areas,  marginal  detonations 
are  most  iikeiv  io  fail.  Therefore,  when  leads  ana  ooosiers  must 
he  small,  boosters  should  not  have  small  L/D  ratios  probably  not 
much  less  than  unity.  For  very  critical  trains  in  which  size  must  be 
kept,  very  small  in  relation  to  natural  dimensions  of  the  detonation, 
such  considerations  (ref.  (2))  might  suggest  a lead-booster  design  in 
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which  the  wave  divergence  is  controlled  by  the  use  of  non -cylindrical 
lead  and  booster. sbapes—together  the  two  might  look  like  a truncated 
cone  or  a trumpet. 


Variation  of  Sensitivity  with  Temperature 

At  elevated  temperatures  (in  the  absences  of  phase  changes  or 
specific  physical  or  chemical  alterations  of  booster  materials)  sen- 
sitivity should,  if  anything,  increase  slightly.  However,  gap  tests  on 
Tefciyi  and  TNT  ut  — 70°  C have  shown  no  measurable  decrease  in 
sensitivity  at  this  temperature. 

Control  of  Booster  Sensitivity 

In  the  foregoing  discussion,  reference  has  been  made  to  the  various 
factors  affecting  booster  sensitivity  without  explicitly  evaluating  these 
factors  from  the  standpoint  of  their  usefulness  in  the  control  of  booster 
sensitivity.  Generally  speaking  the  designer  has  three  useful  controls 
over  the  sensitivity  of  a booster,  namely: 

(a)  In  the  selection  of  the  booster  material. 

(b)  In  variations  of  the  composition  of  those  materials  which  arc 
mixtures,  such  as  Comp.  A and  Pentolitc. 

(c)  In  the  selection  between  cast  and  pressed  forms,  where  both  arc 
available  for  the  same  material. 

ivietnods  (a)  and  (c)  have  been  discussed  in  connection  with  (able 
7-i  and  are  tne  controls  which  have  principally  been,  used  in  the  past. 
The  full  possibilities  of  method  (6),  howrever,  have  probably  not  been 
realized.  Merely  by  varying  the  wax  content  of  Comp.  A,  for  ex- 
ample, a series  of  high  output  boosters  of  widely  varying  sensitivity 
ecomes  immediately  available.  This  method  deserves  further  con- 
sideration on  the  part  of  fuze  designers. 


Section  3. — Booster  Output 

In  this  section,  consideration  is  given  to  the  transition  from  booster 

° r C QI?e'  *,reat*n£  Ibis  problem  it  is  necessary  to  consider 

° ose  actors  affecting  the  output  of  the  booster  and  those 

motors  on  which  the  complete  and  successful  detonation  of  the  main 

rd • , -though  normally  the  size,  shape,  and  composition 

ot  tne  mam  charge  are  outside  the  control  of  the  fuze  designer,  ail 

^rSr8/°aSidered  by  bim  Ln  ths  P-cess  of  designing  an  ade- 
quate booster  for  a particular  weapon. 

nf“ tbat  fjbe  *uze  designer  may  have  an  adequate  understanding 
„ v,  r°cess  'v  °b  occurs  in  the  transition  booster  to  main  charge, 
« qualitative  discussion  of  the  principles  underlying  the  initiation  and 
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propagation  of  detonation  in  on  explosive  arc  given.  Following  this 
discussion,  those  factors  affecting  the  intrinsic  output  of  the  booster 
itself  arc  discussed,  and  finally,  those  factors  affecting  the  transmission 
of  the  output  of  the  booster  to  the  main  charge  are  treated. 

General  Considerations  (Refs.  (6)  and  (7)) 

A detonation  wave  is  an  intense  shock  or  compression  wave  of 
forward  moving  material  that  is  supported  by  the  very  rapid  exo- 
thermic decomposition  of  the  explosive  immediately  behind  the  shock 
front.  The  pressure  profile  of  a detonation  wave  occurring  in  a 
charge  of  finite  extent  has  the  appearance  shown  in  figure  7-9. 


Figur*  7-9,  Pressure  Profile  of  a Detonation  Wave  Occurring  in  a Charge 

of  Finite  Extent. 

At  the.  shock  front,  the  pressure  rises  abruptly  to  a very  high  value, 
of  the  order  of  400,000  atmospheres.  The  resulting  rapid  compression 
of  the  solid  explosive  raises  its  temperature  to  perhaps  2000°  C,  and 
the  explosive  decomposes  rapidly,  with  the  evolution  of  energy.  This 
decomposition  requires  something  less  than  one  microsecond  for  com- 
pletion, and,  in  this  time  the  shock  front  will  have  proceeded  on  a 
further  distance,  “a”  is  called  the  reaction  zone  length,  and  the  point 
at  which  reaction  is  complete  is  called  the  uhapman-Jouget  point  or 
Chapman-Jouget  plane.  Immediately  behind  the  Chapman-Jouget 
plane  the  product  gases,  which  have  been  compressed  to  a density 
even  higher  than  that  of  the  original  explosive,  are  moving  forward 
(that  is,  in  the  same  direction  as  the  detonation  wave)  with  a velocity 
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of  some  1.800  meters  per  second,  about  one-fourth  ns  great  ns  the 
velocity  of  the  detonation  wave.  At  n still  greater  distance  from  tile 
shock  front,  the  product  gases  expand  into  the  surrounding  medium. 
At  the  Chapman-Jouget  point,  the  pressure  and  temperature  are  of 
the  order  of  200,000  atmospheres  and  4000°  C.  For  a plane  detona- 
tion wave  of  infinite  extent,  P,  T.  “a,”  and  D (the  detonation  velocity) 
have  definite  values  for  a given  explosive,  and  depend  principally  on 
the  physical  and  chemical  properties  of  the  unreacted  explosive  and 
its  detonation  products,  and  on  the  density  of  loading. 

Consider  now  what  occurs  when  a cylindrical  booster  of  very  large 
diameter  is  used  to  initiate  a cylindrical  main  charge  of  equal  diameter. 
For  the  moment,  it  will  be  assumed  that  the  detonation  wave  in  the 
booster  is  plane  and  is  moving  with  its  stable  velocity.  D.  Just  before 
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Figure  7-1 Q.  Profile  of  the  Detonation  Wave  of  a Cylindrical  Booster  of 
Very  Large  Diameter  Crossing  the  Boundary  of  a Cylindrical  Main 
L/sorgc  m Diameter. 


the  shock  wave  crosses  the  boundary,  we  may  picture  the  situation  as 
shown  m figure  7-10. 

‘ ffc  t}?e  instant  the  shock  front  crosses  the  boundary  into  the  new  m«- 
tenal,  any  one  of  three  situations  may  arise,  as  follows: 

thTl  K1  8 trfnsraiited  shock  intensity  (and  veiocity)  initially  exceed 
the  stable  values  characteristic  of  the  main  charge 

Jfi™6  ^?mit*ed  shock  intensity  (and  velocity)  approximately 
matchthe  stable  values  characteristic  of  the  main  charge. 

stnhlp  inf  tranfmittcd  Sh°ck  intcnsit-v  (and  velocity)  are  less  than  the 
stable  'alues  characteristic  of  the  main  charge. 

oa  n ITl  P\?Cuet0Tii0n  wave  wiU  Sllffer  only  minor  perturbations 
ene^  r ki\b0ll?ary  ^ thc  Re"  ^plosive.  In  case  (a),  the 
«uffift  P hVhe  deCompo8ition  of  the  new  explosive  will  not 
^?Pp0rt  l le  t°°-h5^h  Velocity-  As  a result,  thc  velocity  will 

Cndini  leCreaSe  V ? 1* >le  Valuc  for  thc  new  material  and  corre- 

sponding changes  m P and  T will  occur  at  the  same  time.  Once  the 
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,M'"'  >tnhl<-  valm-s  lmvc  I,,-,-,,  roach, al,  tho  detonation  tvili  proceed 
without  iurther  alteration. 

In  case  (c),  either  of  two  things  can  happen.  If  the  initial  pressure 
ami  temperature  m the  transmitted  shock  wave  are  high  enough, 
decomposition  of  the  new  explosive  will  be  rapid  enough  to  supply  an 
excess  of  energy  to  the  slow-moving  shock  wave,  and  F,  T,  and  D will 
gradually  met  ease  to  the  stable  values  for  the  new  explosive.  If, 
however,  the  initial  pressure  and  temperature  arc  too  low,  the  de- 
composition of  the  new  explosive  will  he  too  slow  to  support  the  shock 
wave.  I , T,  and  D will  therefore  decrease  until  D becomes  sonic. 
The  detonation  has  failed  although  some  of  the  main  charge  may 
have  undergone  rapid  decomposition  ("partial  detonation”)  or  burned 
(‘  deflagration  ')  in  the  process.  Stable,  low-rate  “partial  detonations” 
of  high  explosives  have  not  been  observed  to  occur  under  conditions 
normally  encountered  in  the  typical  main  charges  of  mines,  torpedos, 
etc. 

Conditions  (a)  and  (c)  above  are  commonly  referred  to  as  “over- 
boostering”  and  "under-boostering,”  respectively. 

rI  he  reaction  zone  length,  "a,”  is  the  important  parameter  in  these 
considerations.  It  largely  determines  how  easily  and  how  rapidly 
stable  detonation  may  be  established  in  the  main  charge.  The 
shorter  the  reaction  zone  length,  the  more  rapidly  and  the  more  easily 
stable  conditions  are  reached  in  the  new  explosive. 

Unfortunately,  the  present  status  of  detonation  theory  plus  the 
available  knowledge  of  “a”  for  the  various  explosives  does  not  permit 
the  quantitative  treatment  of  practical  problems.  It  is  probably  a 
correct-  approximation  that  the  reaction  zone  lengths  of  the  various 
explosives  become  longer  as  the  sensitivity  decreases.  Thus  primary 
explosives  have  reaction  zone  lengths  which  are  probably  of  the  order 
of  one-tenth  millimeter  or  less.  Materials  commonly  used  as  boosters 
probably  have  reaction  zone  lengths  of  1-2  millimeters,  while  for  the 
most  insensitive  high  explosives,  such  as  Amatol,  the  reaction  zone 
length  may  be  as  much  as  5 millimeters  or  more.  We  shall  not  be  far 
wrong,  then,  if  we  use  the  booster  sensitivity  indices  as  a rough  measure 
of  the  relative  reaction  zone  lengths  of  the  various  explosives. 

The  situation  illustrated  in  figure  7-10  has  been  somewhat  idealized, 
and  a typical  booster-main  charge  combination  may  differ  from  it  in 
several  ways.  First,  the  detonation  wave  may  be  curved.  If  a 
charge  is  initiated  at  some  point  on  its  surface  (fig.  7-11),  the  detona- 
tion wave  will  spread  from  the  point  of  initiation  as  a spherical  wave, 
'rhe  surface  of  the  wave  front  is  expanding  as  its  radius  of  curvature 
increases,  and,  because  the  reaction  zone  is  of  finite  length,  the  expand- 
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mg  wave  is  at  any  instant  fed  by  a smaller  energy  than  the  plane  wave 
illustrated  in  figure  7-10. 

As  a result,  P,  T,  and  D in  the  shock  wan-  arc  all  lower  than  t}K, 
stable  values  for  the  plane  wave,  and  "a”  itself  is  larger  because  the 
lower  pressure  and  temperature  in  the  shock  front  resuit  in  a lower 
rate  of  decomposition  of  the  explosive.  The  smaller  the  radius  of 
curvature  of  the  wave,  and  the  longer  the  reaction  zone  length  of  the 
explosive,  the  greater  will  be  the  difference  between  the  instantaneous 
F.  T.  and  V and  the  corresponding  stable  values  for  the  explosive.  If 
the  radius  of  curvature  is  less  than  two  or  three  times  the  react  ion  zone 
length,  the  detonation  will,  in  all  probability,  fail. 


F/J»re  7-11.  totanalianWar'  Oblain'dWbtr.  a Charge  I,  Initiat'd  at  a 

Point  on  Its  Surface. 


bo:XZ°rtanCe  u theSe  consiclera^i°ns  from  the  standpoint  of 
booster  design  may  be  summarized  as  follows: 

instant  it  curvature  the  detonation  wave,  at  the 

zone  Wth^F^^  mam  Chftrge' is  sma11  cornPared  to  the  reaction 

Ce  ^tln  rt6r  et,OSiVe'  thG  **  -itial  shock 

intensHv  for  th^^h  ^ ^ b°  co«“!y  less  than  the  stable 
main  charge  Sn  t°°Ster  ex?Iosive’  and  thcre  is  a strong  risk  that  the 
in  the  preceding  dbc^Tom*7  Undcr*b°°3tered  fchc  s««sa  case  (e) 

charge  is  smalt* curvature  °-  the  initial  shock  wave  in  the  main 

the  exDandimr  erm8  °^be  reactlon  zone  length  of  the  main  charge, 
tne  expanding  wave  may  die  out. 

than  lomeTvt  IT*  ^ ^ Btftted’  a radius  of  curvature  of  less 
extremely  risky.  ^ ~S  rGactlon  zono  IenSttl  may  be  considered  to  be 

to S wTmo ner  ilfr  tllese  coaditions  is  necessary  but  not  sufficient 
. per  initiation  of  the  main  charge.  Another  way  in  which 
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a practical  assembly  may  differ  from  the  idealized  situation  pictured 
in  figure  7-10  is  illustrated  in  figure  7-12.  In  this  case,  a small 
booster  is  used  to  initiate  a much  larger  main  charge.  The  booster 
is  partiaiiy  imbedded  in  the  main  charge,  and  we  will  assume  that  the 
detonation  wave  in  the  booster  is  approximately  plane  and  traveling 
with  its  stable  velocity.  Now  the  intensity  of  the  shock  which  is 
transmitted  to  the  main  charge  is  directional  because  of  the  forward 
momentum  of  the  product  gases  of  the  detonation  wave,  and  is  most 
intense  directly  in  front  of  the  booster  as  is  indicated  in  figure  7-12 
by  arrows. 

If  the  mam  charge  is  sufficiently  insensitive,  the  less  intense  side 
shocks  may  be  insufficient  to  effect  proper  initiation  of  the  main 


Figure  7-12.  Detonation  Wave  in  a Booster  Initiating  a Much  Laraer  Main 

Charge. 


charge,  for,  once  again,  the  wave  is  an  expanding  one,  cylindricaily 
this  time,  and  the  reaction  zone  length  of  the  main  charge  may  be 
quite  large.  Consequently  if  that  portion  of  the  main  charge  enclosed 
by  the  dotted  line  is  to  detonate  properly,  the  detonation  wave 
spreading  from  in  front  of  the  booster  must,  in  effect,  turn  around  and 
propagate  backwards.  Explosives  of  relatively  long  reaction  zone 
length  show  considerable  resistance  to  this  type  of  propagation. 
If,  for  example,  a TNT  charge  is  cast  in  the  form  of  a block  L and 
initiated  along  one  leg,  as  shown  in  figure  7—13,  that  portion  of  the 
charge  which  has  been  shaded  in  will  fail  to  detonate  and  may  oe 


recovered  in  its  initial  state  (ref.  (2)).  If,  however,  that  part  of  the 
Figure  enclosed  by  the  dotted  line  is  filled  in,  so  that  the  detonation 
wave  may  expand  gradually,  the  whole  charge  will  be  consumed. 

This  difficulty  is  not  normally  encountered  with  those  explosives 
commonly  used  ns  boosters,  as  even  the  weaker  side  shocks  are  suffi- 
ciently intense  to  initiate  a material  of  such  sensitivity,  and,  in  any 
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event,  the  shorter  reaction  zone  lengths  of  such  materials  rendils 
permit  the  detonation  wave  to  turn  corners.  If,  however,  a TNT  m 
Explosive  D loaded  projectile  is  bo  os  to  red  as  shown  in  figure  7-I.‘> 
fragmentation  may  very  well  be  poor  at  the  booster  end  of  the  pro 
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Figure  7-13.  Detonation  Wave  in  a TNT  Charge  Cast  in  the  Form  of  , 
Block  L and  Initiated  Along  One  Leg. 

jectile.  This  difficulty  can  be  avoided  as  shown  in  figure  7-\A 
provided  the  radius  of  curvature  conditions  are  met  l>v  using  a hooste 

whose  diameter  is  large  compared  to  the  reaction  zone  length  of  thi 
magi  charge  explosive. 


\ 
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P red  lo  the  Reaction  Zone  Length  of  the  Main  Charge. 
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Factors  Affecting  Booster  Output 


v(t~m  nf  booster  size. 


Aili  V W U* 


The  question  of  booster  size  was,  of  course, 
considered  in  the  preceding  discussion.  One  or  two  additional  points 
should  be  made,  however,  from  a somewhat  different  viewpoint. 
We  shall  consider  the  two  cases: 

(a)  The  effect  of  using  a booster  that  is  too  large. 

(b)  The  effect  of  using  a booster  that  is  too.  small. 

The  first  case  is  readily  disposed  of.  Once  the  booster  size  exceeds 
a certain  critical  size  (which  depends  on  a number  of  factors),  little, 
if  anything,  is  gained  by  further  increasing  the  size.  The  performance 
of  the  main  charge  is  not  improved,  and  we.  are,  iu  effect,  merely 
replacing  main  charge  explosive  with  booster  explosive.  Whether 
this  results  in  an  over-all  improvement  of  the  performance  of  a weapon 
depends  on  the  relative  performance  of  the  two  types  of  explosive 
in  the  weapon  in  question.  For  example,  if  a grossly  oversize  Tetryl 
booster  is  used  in  an  Explosive  D loaded  projectile,  an  apparent 
improvement  in  fragmentation  may  very  well  result  simply  because 
Tetryl  is  a “more  powerful”  explosive  than  Explosive  D under  these 
conditions. 

The  consequences  of  using  a booster  that  is  too  small  may  be  much 
more  serious,  for  it  may  result  in  very  poor  performance  of  the  weapon 
in  the  region  near  the  booster,  or  the  main  charge  may  fail  to  detonate. 
The  answer  to  (he  question  “How  large  must  the  booster  be  for  maxi- 
mum performance?”  depends  on  a number  of  factors,  some  of  which 
have  already  been  discussed,  others  of  which  are  considered  under 
the  headings  which  follow.  First,  we  pause  to  state  three  possible 
conditions: 

(а)  If,  in  a given  munition,  we  change  the  main  charge  explosive 
to  one  having  a higher  booster-sensitivity  index  than  the  original 
explosive,  and,  if  the  booster  was  already  of  adequate  size  for  the 
original  main  charge,  then  the  same  booster  will,  in  all  probability, 
be  adequate  for  the  new  explosive. 

(б)  If,  in  a given  munition,  we  change  the  main  charge  explosive 
to  one  having  a lower  booster-sensitivity  index  than  the  original 
explosive,  while  using  the  same  booster,  the  new  main  charge  may  be 
under-boostered  unless  the  original  explosive  was  alieady  over- 
boostered. 

(c)  If  the  mum  charge  is  capable  of  maintaining  StuuxO  uetunation, 
the  required  booster  size  does  not  depend  on  the  size  of  the  main 
charge. 

Although  this  last  statement  is  undoubtedly  correct,  there  exists  a 
general  tendency  to  increase  the  size  of  the  booster  as  the  size  of  tne 
main  charge  is  increased.  Within  reason,  this  is  probably  not  a bad 
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practice,  for  an  over-bcostemt  munition  is  less  likely  to  fall  to  func- 
tion because  of  poor  booster  design  or  placement,  or  because  of  some 
minor  booster  defect.  The  larger  and  more  complex  the  munition, 
the  greater  the  economic  loss  should  a misfire  occur. 

Booster  composition  and  density.  Boostcring  experiments  (ref.  (5)) 
suggest  that  the  effectiveness  of  an  explosive  as  a booster,  from  the 
output  standpoint,  is  expressed  by  its  brisancc,  as  defined  on  page 
2-12.  The  relative  brisance  indices  there  given  have  been  determined 
at  densities  which  represent  good  loading  practice;  these  indices 
decline  sharply  as  density  decreases,  as  shown  by  the  following  data  for 
Tetryl  (ref.  (8)). 


Dcaidtr 

BrUwwe  (TNT-199) 

1.59 

' 

US 

1.52 

109 

1.12 

100 

1.3* 

9* 

These  data  illustrate  the  fact  that  even  an  explosive  as  inherently 
brisant  as  Tetryl  can  easily  be  made  less  brisant  than  TNT  by  low 
density  loading. 

Booster  shape  (refs.  (9)  and  (10)).  If  the  booster  is  to  be  corn- 
p etely  external,  as  shown  in  figure  7-15,  very  large  and  very  smali 
ratios  of  length  to  diameter  are  to  be  avoided  for  maximum  effective- 
ness. Brisance  tests  (ref.  (5))  indicate  that  for  a given  diameter  of 
letryl,  the  maximum  effectiveness  is  obtained  when  the  1/d  ratio  is 
about  1.5.  Further  increases  in  charge  length  have  no  effect.  The 
variation  of  plate  dent  with  pellet  dimensions  is  shown  in  figure  7-16. 

ese  data  were  obtained  for  Tetryl.  (It  is  believed  the  plates  were 
auing  int  e 2.5  inch  diameter  tests,  and  the  dents  obtained  for  these 
charges  may  consequently  have  been  unduly  high). 
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When  the  booster  is  to  be  partially  or  completely  in  bedded  in  the 
main  charge,  the  situation  is  considerably  different.  This  ease  is 
considered  below  under  the  topic  “Booster  position.’’ 

Some  experimental  work  hao  been  performed  with  Ixrostors  of 
special  shapes,  such  as  shaped  charge  boosters.  Such,  boosters  offer  no 
-■  it  is  necessary  to  place  the  booster  nt  a considerable 


orlronforfo  rnilae. 




distance  from  the  main  charge  (ref.  (11)). 

Booster  confinement.  Side  and  top  confinement  of  an  external 
booster  may  be  expected  to  increase  the  efficiency  of  the  booster 
provided  the  confinement  is  sufficiently  rigid,  as  by  a heavy  steel 
surround,  Weak  confinement  has  little  or  no  effect. 

Granulation  of  booster  explosive.  Changes  in  the  granulation  of 
the  booster  explosive  woma  affect  mainly  the  sensitivity  of  the  booster. 
(See  page  7-13,  Effect  of  Booster  Explosive  Granulation  on  Sensi- 
tivity.) Little  or  no  effect  on  output  is  to  be  expocted. 

Ambient  temperature.  Actual  data  are  extremely  meager.  Little 
or  no  effect  would  be  predicted  from  the  basic  theory  of  detonation  for 
temperatures  in  the  range  of  — 65  to  -f  160°  F. 

Miscellaneous  Factors  Affecting  the  Transmission  of  Booster 
Output  to  the  Main  Charge 

Booster  position  (ref.  (9))..  A booster  that  is  partially  or  com- 
pletely imbedded  in  the  main  charge  will,  weight  for  weight,  be  much 
more  effective  than  an  external  booster,  particularly  if  the  main 
charge  is  sufficiently  sensitive  to  be  initiated  by  the  side  shocks  (fig, 
#-12;  or  if  the  booster  is  initiated  as  shown  in  figure  7-14.  Once 
again,  very  small  1/d  ratios  should  be  avoided.  Large  1/d  ratios  can  be 
anc frequently  are  used,  however;  but  the  diameter  should  not  be  too 
small— preferably  not  less  than  one  inch  or  thereabouts,  depending  on 
the  reaction  zone  length  of  the  main  charge.  For  explosives  which 

t0,lnitlate  and  which  maintain  stable  detonation  only  with 
dittmulty  (such  as  amatol  made  from  coarse  nitrate,  Minol  and  hot- 

’ f./,  Cngth  b?osters,  sometimes  quite  massive,  are  needed. 

' e P°~sl"*e  exception  of  Explosive  D,  no  such  explosives  are  in 
current  use  by  the  Navy. 

Separation  of  booster  from  main  charge.  Separating  the  booster 

om  c main  c arge  by  very  thin  metal  or  other  containers,  or  by 
very^smah  air  gaps,  will  not  seriousiy  reduce  the  efficiency  of  the 

tJl^kness  tbe  barrier  is  increased,  the  shock 
srmtted  to  the  main  charge  will  decrease  until  it  will  eventually  be 

_Clen  , ^ni^laL“  the  main  charge.  Booster  sensitivity  tests  (ref. 
fc,hat  Waxes’  MSht  mefca1s  (aluminum)  and  plastics  (poly- 
*v"Mv>  are  Iess  efficient  barri«™  (that  is,  will  transmit  a greater 
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proportion  of  the  shock)  than  the  heavy  metals  (copper)  or  wood  (oak). 
The  booster  sensitivity  indices  are,  in  fact,  approximately  the  greatest 
harrier  lengths  of  wax  through  which  an  explosive  can  he  initiated  with 
a specified  booster  under  specified  conditions.  For  small  gaps,  air  is 
about  as  effective  a harrier  as  aluminum  or  polystyrene. 
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Chapter  8 


INTERACTION  OF  EXPLOSIVE  TRAIN 
COMPONENTS 


Ths  input  and  output  characteristics  of  explosive  train  components 
are  considered  in  earlier  chapters,  in  attempting  to  reduce  explosive 
train  design  to  a sound  engineering  basis,  the  ultimate  objective  is  to 
be  able  to  predict  with  what  reliability  an  explosive  train  element 
with  a given  output  will  initiate  another  element  with  a given  input 
requirement  under  known  conditions  of  configuration  and  confinement. 
In  general,  such  a prediction  is  not  possible  at  present.  However, 
this  chapter  summarizes  the  existing  knowledge  regarding  the  inter- 
action of  explosive  train  components.  The  discussion  is  limited  to 
cases  where  one  explosive  train  element  is  initiated  directly  by  another 
explosive  loaded  element  and  includes  the  initiation  of  delays,  flash 
detonators,  leads  and  boosters. 

Section  I. — The  initiation  of  Delays 

General 

Pyrotechnic  delays  are  initiated  by  raising  the  temperature  of  the 
initiating  end  of  the  delay  column  to  the  point  at  which  the  uelay 
powder  begins  to  react.  The  necessary  heat  may  be  supplied  by  any 
of  a number  of  means  including  rocket  gases,  propellant  charges,  and 
electrical  energy.  In  most  ordnance  devices,  however,  the  heat  is 
supplied  bv  a primer,  and  this  discussion  will  be  limited  to  that  method 
of  initiation. 


Examples 

Numerous  examples  of  the  initiation  of  black  powder  delays  by 
primers  are.  shown  in  figures  5-1  to  5-13  inclusive.  A typics  . examp«. 
of  the  initiation  of  a gasless  delay  column  by  a primer  is  shown  m 
figure  5-41  (page  5-52). 


Design  Variables 

The  usual  requirement  of  the  delay  is  that  it  burn  through  within  a 
specified  time  after  the  primer  is  initiated.  18 
’(.producible  and  reliable  if  (a)  the  primer  docs  no  re  la  ^ 
inlay;  (6)  particles  fro.n  the  burning  pnmor  imbed  them^lves “ 
he  delay  column,  thus  effectively  shorten.,*  the  column  or  W the 
last  from  the  primer  disrupts  the  column.  The  des,gn  v enables  that 
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affect  these  aspects  of  delay  functioning  are  considered  in  the  following 
paragraphs. 

Reliable  initiation  of  the  delay,  Heat  from  the  primer  may  be 
transferred  to  the  delay  column  by  conduction,  convection,  radiation, 
or  adiabatic  compression.  While  the  transfer  is  normally  by  n 
combination  of  these  means,  it  is  probable  that  radiation  is  usually 
the  least  important.  Reliable  ignition  of  the  delay  is  thus  facilitated 
by  directing  the  primer  blast  at  the  delay  column  surface.  It  has 
been  observed  that  ignition  is  more  reliable  in  obturated  (non  von  ted) 
delays,  probably  because  of  the  resulting  higher  pressure  which  tends 
to  heat/  the  delay  surface  by  adiabatic  compression  and  at  the  same 
time  tends  to  prevent  expansion  cooling  of  the  primer  gases.  It  is 
concluded  that  obturation  is  desirable  from  the  standpoint  of  delay 
initiation  and  that  this  effect  is  enhanced  by  decreasing  the  free  volume 
available  to  the  primer  gases. 

Protecting  the  delay  pellet  from  particle  impingement,  If  the 
primer  is  fairly  brisant,  so  that  particles  are  ejected  at  high  velocity, 
it  may  be  necessary  to  protect  the  delay  column  by  suitable  baffling. 
An  adequate  discussion  of  baffles  is  presented  on  page  5-29. 

Preventing  the  pressure  disruption  of  the  column.  Baffles  tend  to 
protect  the  delay  column  from  shock  pressures.  The  column  can  be 
protected  from  disruption  by  static  pressure  by  (a)  increasing  the 
volume  available  to  the  primer  gases,  and  (6)  by  supporting  the  delay 
column  in  a suitable  manner.  A discussion  of  these  variables  will  be 
found  in  chapter  5,  section  1,  under  the  paragraph  headings,  “Delay 
body  (page  5—18),”  and  “Pellet  support  (page  5—23),”  respectively. 
Increasing  the  free  volume  or  decreasing  the  confinement  makes  initia- 
tion more  difficult,  as  described  earlier  in  this  chapter;  accordinglv,  it 
is  necessary  to  make  a suitable  compromise*. 

Test  Procedures 

4 

Since  it  is  impossible  to  predict  the  reliability  of  any  particular 
primer-delay  combination  with  any  degree  of  assurance,  it  is  always 
necessary  to  carry  out  suitable  tests.  The  tests  should  be  designed 
to  show  (a)  the  reliability  of  initiation  of  the  delay  column,  and  (b ) 
the  reproducibility  of  the  delay  tim°. 

Reliability  of  in,,  iation  of  the  delay  co,«, vm.  Having  chosen  the 
primer,  delay  column,  and  supporting  inert  parts,  the  Ability  of  the 
primer  to  initiate  the  delay  is  tested  at  the  lowest  temperature  at 
which  the  device  is  required  to  function.  If  initiation  appears  to 
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he  reliable,  the  tests  are  repeated  with  reduced  primer  charges.  If 
initiation  is  marginal  or  better  with  50  per  cent  of  the  normal  primer 
charge,  then  the  initiation  should  have  an  adequate  margin  of  surety. 

Reproducibility  of  the  delay  time.  By  use  of  the  normal  primer 
charge  and  the  proposed  arrangement,  the  delay  time  is  determined 
in  a number  of  tests.  Erratic  delay  times  may  be  due  to  nonuniform 
primers  or  delay  columns,  or  to  insufficient  batfling.  If,  occasionally, 
little  or  no  delay  action  is  observed,  it  is  an  indication  that  the  delay 
column  is  being  disrupted  by  pressure  from  the  primer  gases. 


Section  2. — The  Initiation  of  Flash  Detonators 


General 

In  normal  fuze  explosive  train  practice,  flash  detonators  are  initiated 
by  the  flash,  flame,  or  shock  from  a primer,  a delay  column,  or  another 
detonator.  When  another  detonator  is  used,  the  initiating  element 
may  be  a small  relay  detonator  placed  in  the  end  of  a delay  column 
to  increase  the  surety  of  functioning  of  the  flash  detonator.  On  the 
other  hand,  if  the  design  of  the  fuze  is  such  that  the  flash  detonator  is 
placed  at-  a considerable  distance  from  its  actuating  element,  the 
latter  may  be  a detonator  in  order  to  get  reasonable  surety  of  function- 
ing over  the  long  gap. 

Examples 

An  example  of  a flash  detonator  initiated  by  the  flash  from  a 
percussion  primer  is  illustrated  in  figure  8-1.  This  is  the  arrangement 
used  in  the  instantaneous  base  detonating  Fuze  Mk  28.  It  will  be 
noted  that  there  is  a space  of  about  % inch  between  the  primer  and 
detonator.  This  space  has  not  been  provided  for  any  functional 
reason;  it  is  the  space  which  is  occupied  by  the  baffle  and  delay  m 
the  Fuze  Mk  21  and  other  similar  fuzes  that  employ  the  same  basic 

inert  parts. 

An  examnle  of  a flash  detonator  initiated  by  the  flash  from  a black 
powder  delay  column  is  furnished  by  the  base  detonating  Fuze  1..66A1. 
The  arrangement  used  in  this  fuze  is  shown  in  figure  8-2. 

An  example  of  a flash  detonator  initiated  by  the  action  oi  another 
detonator  located  at  a considerable  distance  is  presented  in  ngure 
8-3.  This  arrangement  is  employed  in  the  point  detonating 
M51A4  In  this  instance,  the  initiation  of  the  flash  e on  a or 
probably  at  least  partly  due  to  the  impingement,  of  fragments  from 
the  bottom  of  the  initiating  detonntoi. 
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Design  Vcriebles 

No  basic  design  data  are  available  that  enable  one  to  design  scien- 
tifically an  arrangement  for  iniiating  a flash  detonator.  It  would  be 
desirable  to  be  able  to  predict  that  with  a primer,  delay,  or  detonator 
having  a known  output  and  a flash  detonator  of  a known  sensitivity 
it  would  be  practical  to  initiate  within  certain  limits  of  distance,  con- 
finement, and  misalignment.  The  lack  of  adequate  input  and  output 
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SCALE:  2.6/1 

Figure  8-1.  Flasn  Detonator  Initiation  in  Base  Detonating  Fuze  Mk  28. 

measuring  techniques,  together  with  the  formidable  number  of 
variables,  has  discouraged  the  accumulation  of  Mich  data  in  tiie  past. 
The  result  is  that  dco.am  has  been  based  on  _ iuiowiedge  of  the  art, 
modified  by  cut-and-try  experimentation.  From  experience  gained 
in  this  |w ay,  it  is  possible  to  draw  certain  qualitative  conclusions 
regarding  spatial  arrangements  and  confinement. 
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Spatial  arrangements.  The  ideal  spatial  arrangement,  is  to  place 
the  sensitive  end  of  the  flash  detonator  directly  in  line  with  and  in 
dose  proximity  to  its  souree  of  initiation.  It  is  perfectly  feasible, 
however,  to  initiate  a flash  detonator  over  a considerable  distance,  as 
shown  in  examples  just  given.  Likewise,  the  detonator  may  be  placed 
completely  out  of  line  with  its  source  of  ignition,  provided  a suitable 
firing  channel  is  used. 

Experience  has  indicated  that  for  maximum  effectiveness  the  firing 
channel  should  he  designed  so  that  the  hot  blast  from  the  source  of 
ignition  is  directed  against  the  sensitive  end  of  the  detonator,  then  is 
allowed  to  move  aside  so  that  additional  hot  gases  can  come  into 
contact  with  the  detonator.  This  principle  is  illustrated  by  figure 
8-4.  Work  carried  out  at  the  Naval  Ordnance  Laboratory  (ref.  (1)) 
showed  that  with  arrangement  A,  lead  azide  covered  with  a 0.003 
inch  disk  could  be  reliably  initiated.  With  arrangement  R,  the  lead 
azide  could  be  initiated  when  covered  with  a 0.001  inch  disk,  but  not 
with  a 0.002  inch  or  thicker  disk,  even  though  the  same  primer  was 
used  in  both  arrangements,  and  the  distance  between  the  primer  and 
detonator  was  considerably  shorter  in  the  case  of  arrangement  B. 
The  relatively  good  performance  of  arrangement  A as  compared  to 
that  of  arrangement  B is  believed  to  he  due  to  the  tact  that  the  piimer 
gases  are  directed  against  and  flow  by  the  sensitive  detonator  surface 
in  the  former  case,  while  they  arc  discharged  into  a blind  hole  in  the 

latter  case. 

In  spite  of  the  relatively  low  initiative  efficiency  of  the  blind  hole 
arrangement.,  it  is  the  one  commonly  used  in  fuzes  because  (a)  it  is 
relatively  easy  to  obtain  reliable  initiation  by  using  a primer  of  suitable 
strength"  and  (6)  any  other  arrangement,  is  often  impractical  because 
of  space  considerations.  y 

Confinement.  1 1 is  generally  true  that  in  order  to  obtain  maximum 
effectiveness  from  a source  of  initiation  such  ns  a primer,  delay  column, 
or  detonator,  the  burning  charge  should  be  confined  and  the  gases 
, n. ] ,.r dofonator.  It  ?s  nlsn  apparent 

that  ns  the  firing  channel  is  made  smaller  (confinement  increased), 
the  velocity  of  the  hot  gases  tends  to  increase.  This  arrangement 
increases  the  effectiveness  of  the.  initiation  of  the  detonator  nF  - - 
point  whore  the  doorcase  in  the  rate  of  delivery  of  hot 
with  the  cooling  of  the  gases  in  the  narrow  channel,  rf  - »<£ 
crease  in  effectiveness.  In  each  case,  then,  there  wnnjd  ^pwr  tolg 

..  • rlmnnol  where  maximum  effectiveness  is 

an  optimum  size  ot  thing  um.mt  i 

obtained. 
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In  one  particular  ease  (ref.  (2)),  the  optimum  firing  channel  size 
was  determined.  The  test  setup  shown  in  figure  8-5  was  used  in  this, 
work.  The  number  of  0.01  inch  steel  disk  that  the  primer  blast 
would  penetrate  was  used  as  a measure  of  its  effectiveness  as  an 
initiator  for  flash  detonators.  The  results,  presented  graphically  in 
figure  8-6.  show  that  Primer  Mk  113  (ND-24  type)  in  the  test  setup 
shown  in  figure  8-5  gives  maximum  penetration  when  firing  through 
a channel  which  is  about  0.1875  inch  in  diameter. 


PRIMER  MK  113 
(POTTED  WITH  WAX  > 


VARIABLE  NUMBER 
OF  .010  INCH  STEEL 
DISKS 


IMER  LEADS 


TEST  BLOCK 


FIRIMS  CHANNEL ' ^\y\\V\3  k\\\\\\hl 

VARYING  DIAMETER 

Figure  8-5.  Test  Fixture  Assembly  for  Determining  Optimum  Firing  Channel 

Diameter  for  Primer  Mk  113. 


Test  Procedures 

Since  the  functioning  of  a flash  detonator  must  De  checked,  and 
since  several  of  the  design  variables  can  be  fixed  only  by  cut-ana-try 
methods,  test  procedures  are  of  interest.  In  general,  it  is  desirable 
to  know  whether  or  not  the  detonator  will  be  satisfactorily  initiated 
by  the  arrangement  being  tested,  and,  in  addition,  by  what  margin 
it  functions  or  fails  to  function.  In  general,  one  of  the  following  three 

types  of  tests  are  employed:  . 

(a)  The  distance  between  the  detonator  and  its  source  of  initiation 

is  varied  to  find  the  distance  of  marginal  initiation. 

(I b ) Barriers  are  placed  botween  the  initiator  and  the  sensitive  end 
of  the  detonator.  The  thickness  of  the  barrier  is  varied  to  find  the 
point  of  marginal  initiation. 

(c)  The  amount  of  charge  used  in  the  initiating  element  is  varied 

to  find  that  required  to  give  marginal  initiation. 

Method  (a)  appears  to  be  the  least  renaoie  Oi  ™»e  three  methods. 
It  has  been  shown  that,  within  limits  increasing  the  distance  does 
nni.  niwsaarilv  make  initiation  more  difficult.  Method  (b)  has  bee- 
employed  with  considerable  success.  Its  principal  disadvantage  is 
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that  the  results  arc  in  terms  of  an  arbitrary  scale  which  cannot 
readily  be  converted  into  terms  of  surety  of  functioning. 

Method  (c)  is  believed  to  be  the  most  valuable  of  the  three  methods. 
Since  the  power  of  an  explosive  charge  is  approximately  proportional 
to  the  amount  of  explosive  it  contains,  data  obtained  by  method  (c) 
gives  a direct  indication  of  the  margin  of  surety  afforded  by  a given 
initiating  charge.  It  has  been  considered  good  practice  to  use  an  in- 
itiating charge  which  is  at  least  double  that  which  will  give  marginal 
initiation. 

Ivow  temperatures  tend  to  make  the  initiation  of  flash  detonators 
more  difficult.  Tests  should  be  carried  out  to  make  sure  that  the 
margin  of  surety  of  functioning  is  adequate  at  the  lowest  temperature 
at  which  the  device  is  expected  to  function. 

Section  3. — The  Initiation  of  Leads  and  Boosters 

Between  the  point  at  which  detonation  is  established  in  the  deto- 
nator and  that,  at  which  it  is  established  in  the  booster,  the  detonation 
must  traverse  a number  of  discontinuities.  The  most  obvious  of  these, 
from  the  point  of  view  of  mechanical  design,  arc  those  between  the 
detonator  and  lead  and  between  the  lead  and  booster.  Other  dis- 
continuities, such  as  that  between  the  primary  explosive  and  the  high 
explosive  base  charge  of  some  detonators,  or  an  abrupt  change  in  the 
density  of  a lead,  may  be  more  critical  in  some  cases  than  those  between 
different  components. 

Some  of  the  discontinuities  may  be  intentionally  interposed  for  the 
purpose  of  preventing  transmission  until  the  fuze  is  “armed.  ’ Others 
are  unavoidable  results  of  other  design  considerations.  In  this  sec 
tion,  the  factors  and  conditions  which  affect  this  transmission  will 

he  considered.  . .. 

So  many  variables  arc  involved  (explosive  prof  /ties,  dimensions, 

density,  etc.)  that,  even  if  a mathematical  expression  were  known  re- 
iatingVncm  ail  to  the  probability  of  propagation,  such  an  expression 
would  probably  be  too  cumbersome  for  any  practical  use.  The  expo  i- 
mental  data  that  exist  are  fragmentary,  although  they  reprosont  a 
considerable  amount  of  effort.  Certain  phases  of  the  proUem have 
been  investigated  theoretically,  but  the  results  of  these  mves  gaaons 
in  general  depend  for  their  practical  application  upon  accurate .know  - 
edge  of  values  which,  at  present,  are  oiuy  roughly  known  For  this 
reason,  this  section  presents  a qualitative  discussion  of  he  rends 
shown  bv  available  experimental  data  m the  light  o the 
chemical  principles  involved.  It  is  not  expected  »«  me  material 
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will  make  possible  the  successful  design  of  radically  new  oxplosiv. 
svste*ns  on  the  drawing  board.  It  is  Imped  turn-  it  will  help  to  assure 
the  success  of  designs  involving  minor  deviations  from  prevailing 
practices.  It  is  also  hoped  that,  it  will  be  useful  in  helping  to  systematize 
the  development  of  systems  involving  more  radical  departures  where 
those  arc  necessitated  by  mechanical  or  other  consinei  atioiis.  N o 
matter  how  the  design  is  arrived  at,  the  importance  of  thorough  test- 
ing of  exact  prototypes  of  explosive  systems  both  for  safety  and  reli- 
ability cannot  be  overemphasized.  In  such  tests,  not  only  explosive 
but  inert  components  should  be  duplicated. 

General  Considerations 

The  general  considerations  involved  in  the  transmission  of  detona- 
tion between  charges  have  already  been  discussed  in  section  3 of 
chapter  7,  page  7-14.  Rather  than  repeat  the  discussion,  the  reader 
is  referred  to  that  section. 

On  page  7—17  in  the  discussion  of  under-boostering,  two  possibilities 
are  mentioned:  (a)  that  the  detonation  of  the  under-boostered 
charge  tends  to  build  up  to  the  stable  rate;  or  (6)  that  it  tends 
to  die  out  to  sonic  velocity.  Obviously  enough,  there  must  be  a 
set  of  boundary'  conditions  which  divides  these  two  possibilities. 
This  set  of  boundary  conditions  might  be  said  to  constitute  a third 
theoretical  possibility,  although  such  a condition  is  not  stable,  since 
the  slightest  perturbation  will  cause  it  to  start  an  approach  toward 
one  of  the  other  two  conditions.  It  is  probable  that  the  growth  or 
dying-out  process  is  very  gradual  in  some  cases;  this  assumption 
explains  the  “low  order”  detonation  often  observed  in  tests.  These 
boundary  conditions  are  those  at  which  the  reaction  is  just  sufficient 
to  maintain  the  conditions.  If,  during  the  reaction  time,  material 
and  energy  are  lost  radially,  then  the  pressure  and  hence  the  tempera- 
ture in  the  reaction  zone  will  be  lower  than  if  these  losses  were  not. 
allowed  to  occur.  To  counteract  these  losses,  the  reaction  must  be 
more  rapid.  Thus,  where  radial  losses  are  possible,  the  boundary 
condition  involves  higher  temperatures,  pressures,  and  detonation 
velocities.  Conversely,  the  stable  condition  involves  lower  tempera- 
tures, pressures,  and  velocities.  Thus,  as  iho  mdiai  losses  are  allowed 
to  increase,  the  stable  and  boundary  condib  -.is  approach  one  another 
until  a “critical”  condition  is  reached  beyond  which  detonation  will 
not.  continue  to  propagate  no  matter  how  vigorously  initiated. 

As  an  example,  we  may  consider  a cylindrical  column  of  explosive. 
If  the  diameter  is  large  camper-  E!  with  The  length  of  the  reaction  zone, 
the  radial  flow  of  material  and  energy  during  tho  reaction  time  is 
negligible.  As  the  diameter  becomes  smaller,  the  proportional  radial 
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losses  of  energy  and  material  ' icrease  until  a critical  diameter  is 
reached.  If  the  explosive  column  is  surrounded  by  some  other  sub- 
stance, the  radial  expansion  will  be  retarded  to  a greater  or  lesser 
extent  by  this  surrounding  material.  Thus  the  critical  diameter 
depends  upon  the  confinement  afforded  by  the  surrounding  material. 
For  other  geometric  arrangements  there  are  corresponding  critical 
dimensions. 

Although  it  is  highly  desirable  to  keep  the  dimensions  of  explosive 
train  components  well  above  critical  values,  considerations  of  safety 
and  mechanical  design  limit  the  dimensions  to  that  order  of  magnitude. 
Thus  the  propagation  of  detonation,  both  within  and  between  the 
various  elements,  depends,  among  other  things,  upon  confinement 
and  those  factors  which  affect  the  length  of  the  reaction  zone.  The 
theoretical  consideration  of  these  factors  at  this  point  would  take 
more  space  than  would  he  warranted.  Reference  (3)  discusses  many 
of  the  factors  involved.  In  the  following  paragraphs,  the  measurable 
and  controllable  variables  at  the  disposal  of  the  designer  arc  dis- 
cussed from  the  point  of  view  of  their  effects  upon  the  propagation  of 
detonation  between  charges. 

Air  Gap*  between  Donor  and  Acceptor 

Detonation  can  be  transmitted  across  a gap  by  any  of  three  agencies: 
(a)  the  airborne  shock,  (6)  the  blast  of  explosion  products,  or  (c)  the 
impact  of  solid  fragments  of  the  case  of  the  donor  charge.  In  this 
section,  rather  than  to  refer  to  various  components  as  detonators, 
leads,  etc.,  the  more  general  terms  of  "donor”  and  “acceptor’  are 
used  to  signify  the  charges  from  and  to  which  detonation  may  be 

transmitted.  ...  . ’ . , 

The  effects  of  (a)  and  (6)  are  virtually  indistinguishable,  since  tne 

shock  is  almost  immediately  followed  by  and  continuously  supported 
bv  the  blast  within  the  range  where  these  are  important  agents  of 
transmission.  The  effectiveness  of  the  shock  and  blast  might  be 
expected  to  decrease  continuously  as  the  distance  increases,  bu,  a 
. • f x : Co..  fKo  ■fmormp.nt.s  to  attain  tneir  maximum 

ceriam  uiSiauce  i»  »v4iii*cvx  xv/x  v~_ . • 

velocity.  Thus,  under  some  conditions  a certain  amount  of  air  gap 
conducive  to  more  reliable  and  complete  detonation. 

Reference  (4)  is  a description  of  fairly  exhaust, ye  tests 
optimum  air  gap  for  a certain  British  c.posnc  ram  is  s . 

about  0.00  inch.  Reference  (5)  discusses  indications  tout,  for  certa 
American  tvpcs  of  explosive  trains,  the  optimum  gap  is  about  twice 
that  value.'  It  is  obvious  that  the  optimum  gap  is  a function  of 
among  other  thing—tbo  materials  (both  explosive  and  inert),  the 
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optimum  air  cap  can  also  he  a function  of  the  confinement  of  the  gap 
and  the  density  of  the  acceptor  explosive.  Also  in  reference  (4), 
where  the  effectiveness  of  the  detonator  at  various  standoff  distances 
was  determined  by  the  number  of  metal  disks  which  could  lie  inter- 
posed at  the  face  of  the  acceptor,  it.  was  found  that  the  optimum 
distance,  under  some  circumstances,  was  a function  of  the  material  of 
these  degrading  disks.  Unfortunately,  all  the  known  data  regarding 
these  effects  are  concerned  with  specific,  explosive  systems  and  are  of 
such  a fragmentary  and  dispersed  nature  Unit  the  derivation  of  even 
the  most  approximate  quantitative  principles  is  not  feasible. 

The  transmission  of  detonation  by  the  impact  of  fragments,  in 
addition  to  introducing  this  optimum  distance  for  reliable  and  complete 
detonation  of  the  acceptor,  substantially  increases  the  maximum  gap 
across  which  detonation  can  be  transmitted,  the  critical  gap.  The 
term  “critical  gap”  as  here  used  applies  to  an  individual  combination 
of  donor  cr'*  acceptor.  _ Such  a value  cannot,  of  course,  be  measured. 
The  measured  values  quoted  here  are  “mean  critical  gaps”  for  groups 
of  combinations  which  arc  as  similar  ns  it  is  practical  to  make  them, 
x he  mean  critical  gap  is  that  at  which  50  percent  transmission  occuis. 

In  unpublished  experiments  at  the  Naval  Ordnance  Laboratory, 
a cased*  detonator  transmitted  detonation  across  a gap  of  0.750  inch 
to  1.00  inch  w’hilc  the  critical  gap  for  an  nlinost  identical  hare-ended 
donor  was  about  0.15  inch.  Acceptors  for  both  tests  were  identical 
and  both  donor  charges  were  very  highly  confined  radially,  so  that 
the  radial  confinement  of  the  cased  charge  was  not  appreciably 
different  from  that  of  the  barc-cndcd  charge.  As  with  the  optimum 
gap,  data  relating  critical  gap  to  the  various  factors  involved  are 

not  of  a nature  which  encourages  the  derivation  of  quantitative 
rules. 

Although  available  data  on  the  transmission  of  detonation  by  the 
impact  of  high  velocity  fragments  leaves  much  to  be  desired*  two 
points  are  clear: 

(«}  When  the  donor  is  in  direct  contact  with  a thin  metal  diaphragm 
(such  as  the  bottom  of  a detonator  cup),  the  reliability  and  com- 
pleteness 01  detonation  of  the  acceptor  rnry  be  augmented  by  the 
presence  of  an  air  gap  between  the  diaph,.^  and  the  acceptor. 

(6)  When  there  is  an  air  gap  between  the  donor  and  the  acceptor, 
«e  reliability  and  completeness  of  detonation  is  augmented  bv  the 
presence  of  a thin  metal  diaphragm  in  direct  contact  with  the  donor. 
Although  data  regarding  the  e;:(.hn;r«  thickness  are  lacking,  experience 
.eems^  0 indicate  that  this  is  close  to  the  minimum  cornoatible  with 
manuiactunng  considerations. 
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A considerable  amount  of  experimentation  has  been  carried  on 
at  the  Naval  Ordnance  Laboratory  with  hare-ended  charges  in  which 
the  relation  between  mean  critical  gap  and  some  of  the  variables 
which  may  be  encountered  were  measured.  Although  several  thou- 
sand shots  have  been  fired,  the  evaluation  of  all  the  factors  involved 
is"  far  from  complete.  The  so-called  “Bruceton  up  and  down'' 
''Staircase)  technique  was  used  with  the  distance  between  the  donor 
and  the  acceptor  as  the  adjustable  variable.  This ' technique  is 
discussed  in  section  1 of  chapter  9,  under  General  Remarks  on 

Sensitivity  Tests  (page  9-29).  ■ . 

The  fact  that  a donor  with  a metal  closure  will  initiate  a given 
acceptor  across  a given  air  gap  (point.  (6),  page  8-14)  is  not  a positive 
indication  that  it  will  do  so  across  a smaller  gap:  It  is  believed, 
however,  that,  for  Imre-ended  charges,  the  critical  gap  is  a reasonable 
index  of  the  relative  effectiveness  of  transmission.  In  all  the  experi- 
ments that,  have  been  run  to  date,  both  the  donor  and  the  acceptor 
charges  have  been  highly  confined  in  metal  bodies  similar  to  those 
shown  in  figure  8-7.  The  confining  medium  of  the  donor  has  been 
brass  and  that  of  the  acceptor  has  been  copper. 


Figure  8-7. 


DONOR 

Donor  and  Acceptor  Charges  Highly 


acceptor 

Confined  in  Metal  Bodies. 


Tho  romi>Wm»w  or  detonation  of  the  acceptor  has  been  judged 
lilt  complete  y m„,..rot  the  hole  in  tho  acceptor  receptacle 

l,y  the  expansion  of  the  *»««*•  0 w!  .„  sHmittcdly  arbitrary 

*•  •***  IWm  ,n"  ' mhi  crit  rion  that  can  be  readily 

V"T  lh*m'Z  Z”  « ^periments  are  plotted  in 

S-12.  The  data  from  which  a number 
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of  the  points  were  obtained  have  been  analyzed  statistically  and, 
in  general,  the  gap  for  99.9  percent  firing  (95  percent  confidence  level) 
is  more  than  half  the  mean  critical  gap,  which  in  turn  is  more  than 
half  that  for  99.9  percent  failure.  The  actual  spread  between  these 
points  is  probably  considerably  less  than  that  just  stated,  but  the 
small  sample  sizes  and  unavoidable  inhomogeneity  of  samples  and 
test  conditions  both  tend  to  increase  the  spread  of  this  kind  of 
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Figure  8-9.  Critical  Axial  Air  Gaps  AcrossWhich  Detonation  is 
Transmitted  Between  Lead  Azide  and  Tetryl . 
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AVERAGE  DROP  MEiCST  AS  PER  CE»T  OF  TNT 
(DATA  FROM  NAVORD  57- 4G  > 

Figure  8-70.  Minimum  Priming  Charge  anti  Gap  tor  Critical  Propagation 

vs.  Impact  Sensitivity. 

estimate.  The  physical  and  design  significance  of  these  curves  will 
be  discussed  in'  some  of  the  following  paragraphs. 

Diameter  effects.  Data  obtained  with  various  diameters  of  donors 
and  acceptors  are  plotted  in  figure  8-8.  All  donors  in  this  test  were 
approximately  0.50  inch  long  columns  of  lead  azide  loaded  at  10,000 
psi.  All  acceptors  were  1.0  inch  long  columns  of  tctryl  loaded  at 
10,000  psi.  As  might  be  expected,  the  most  notable  trend  is  the 
direct  relationship  between  donor  diameter  and  gap.  The  relationship 
between  acceptor  diameter  and  gap  is  more  complicated.  Unfortu- 
nately, the  range  covered  is  too  limited  to  give  complete  curves  for 
any  of  the  donor  diameters  used,  but  it  is  apparent  that  each  curve 
reacnes  a maximum  at  a point  where  the  acceptor  diameter  is  somm 
what  smaller  than  that  of  the  donor. 

This  phenomenon  can  quite  readily  be  explained  in  terms  of  radial 
losses.  The  radial  losses  of  a small  column  to  the  surrounding 
material  are  larger  in  proportion  to  the  chemical  potential  energy 
available,  accordingly,  a smaller  column  must  be  more  vigorously 
initiated  than  a larger  column.  On  the  other  hand,  if  an  impinging 

Ufl/lfl!/'  f 4-  Cifvnlr  AH  AVtlvr  » r.w.Mll  _ r xl  f J*  1 » 

~~~~~  Vin;  siiirux  wi  lllC  UHC  Oi  Ml  CXplOSiVC 

column,  initiating  detonation  of  the  affected  area  only,  the  radial 
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josses  to  the  surrounding  explosive  will  be  greater  than  they  would 
be  to  a denser  confining  medium  such  as  steel. 

As  can  he  seen  in  figure  8-11,  these  relationships  are  affected  by 
variations  of  other  conditions  such  as  loading  density  of  both  donor 
and  acceptor.  Perhaps  the  most  drastic  change  in  diameter  that 
occurs  in  an  explosive  train  is  that  from  a lead  to  a booster.  Rela- 
tively few  data  are  at  hand  with  respect  to  this  transmission;  experi- 
menfs  have  been  carried  on  at  the  Naval  Ordnance  Laboratory  in 
which  long  (1  inch  plus)  confined  tetryl  leads  were  used  to  initiate 
unconfined  tetryl  boosters,  both  pressed  at  10,000  psi.  The  arrange- 
ment used  in  the  experiments  is  shown  in  figure  S— 13.  The  critical 
gap  with  0.075  inch  diameter  lends  was  about  0.04  inch,  and  that  with 
0.150  inch  diameter  leads  was  0.145  inch. 

Length  effects.  In  explosive  trains,  many  of  the  elements  are 
initiated  hv  impulses  too  weak  to  produce  a shock  in  the  accepter 
of  a velocity  equal  to  the  stable  detonation  velocity.  In  most  deto- 
nators, the  initial  reaction  in  all  probability  is  usually  a deflagration 
which  grows  to  detonation.  Since  the  detonation  velocities  of  pri- 
mary explosives  are  almost  invariably  lower  than  those  of  high  ex- 
plosives (such  as  tetryl  leads),  the  initial  detonation  velocities  of  high 
explosives  initiated  by  primary  explosives  are  lower  than  the  stable 
detonation  velocities  of  the  high  explosives.  In  all  such  cases,  as 
has  been  pointed  out,  the  detonation  will  build  up  toward  iw  suame 
rate  or  will  tend  to  die  out.  In  practical  explosive  trams,  of  course, 
the  detonation  grows.  After  the  detonation  has  reached  its  stable 
rate,  the  “head”  of  high  pressure  gas  which  follows  it  mcre^s  m 
InJth  Although  the  length  of  this  “head  has  no  effect  on  commons 
in  the  reaction  zone,  it  tends  to  support  the  shock  wave  ^ch  it  set 
up  in  another  medium,  which  may  be  « metal  narrier  an  W ^or 
another  explosive.  Thus,  for  several  reasons  the  length  of  a co 
of  explosive  affects  its  effectiveness  in  mitiatmg  ^other^u  mi 
whether  it  is  in  direct  contact  or  separated  by  mea 

BaCurvc  (1)  on  figure  8-9  shows  the  relationship  between  column 
tuivo  U)  on  lyn  Tt  will  be  noted  that  even  when  the 

length  and  critical  axial  air  gap.  Jd[tionei  increments  of  column 
length-diameter  ratio  is  as  large  as  , Curve  (2) 

■4th  » accompanied  by  i n *e 

indicates  that,  in  the  range  to  Jf  Screwing  the  diameter 

weight  is  more  effective  when  it  . it  pother 

than  when  it  is  added  by  mm-™*  Jat  of  „f 

way,  the  optimum  .ength-dlainit  below  the  range  ot 

nffieinnev  1H  aDDarentl}  consiaci  a „ 

2n'io'm  ilifcMs  the  practice  in  Navy  detonators. 
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Figure  8-UT.  Port  A.  Critical  Gao  a%  a Function  of  Density:  Q. 200  Inch 
Diameter  Lead  Azide  Donors,  0.100  Inch  and  0.200  Inch  Diameter 
Tetryl  Acceptors.  See  Part  B.  j 
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Figure  8-11.  Part  B.  Critical  Gap  as  a Function  of  Density.  See  Part  A. 
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Thi,  tvne  of  efficiency  however,  is  not  necessarily  the  controller 
faetoHn  explosive  train  design.  For  example,  where  a shutter  merh- 
enism  is  to  he  used  as  a safety  device,  less,  movement  Is  prohahlv 
necessary  for  a given  degree  of  safety  with  » long,  slender  detonator 
than  with  a shorter,  stouter  detonator  of  the  same  initiating  effec- 
tiveness. The  eurves  or,  figure  8-9,  as  noted,  are  for  lead  aside  donors 
and  tetryl  acceptors.  It  is  quite  probable  that  the  optimum  length- 
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Figure  8-13.  Arrangement  Used  in  Lead  to  Booster  Experiments. 

diameter  ratio  for  other  primary  explosives,  such  as  mercury  fulminate, 
winch  are  not  as  quickiy  detonated  as  lead  azide,  is  somewhat  larger 
than  that  for  lead  azide. 

. The  relation  between  the  lougih  of  a i Ir?  - 'wi  and  its  output  is  a 
function  of  the  vigor  with  which  it  is  initiated.  Although  no  quan- 
titative data  are  available  regarding  these  relationships,  it  is  a matter 
of  common  observation  that  holes  in  which  small  columns  of  tetryl 
have  been  fired  almost  invariably  tepee  from  a small  diameter  at  the 
initiated  end  to  a larger  diameter  at  the  far  end.  It  is  reasonable  to 
believe  that  the  initiatin';  effectiveness  of  a detonation  increases 


believe  that  the  initiating  effectiveness  of 
with  its  destructive  power. 
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Effects  of  variations  of  explosive  materials.  On  figure  8~10, 
critical  gaps  obtained  using  various  high  explosives  as  acceptors  are 
plotted  against  the  drop  sensitivity  of  the  same  explosives.  It  will 
be  noted  that  the  initiation  sensitivity  and  the  impact  sensitivity 
of  the  various  explosives  are  in  as  good  agreement  as  car.  be  expected 
with  sensitivity  tests.  It  would  seem  that  the  dream  of  discovering 
ar.  explosive  which  is  sensitive  to  initiation  by  means  of  another 
explosive  yet  mechanically  insensitive  will  probably  remain  a dream. 
On  figure  8-10,  the  larger  gaps  obtained  with  mercury  fulminate 
donors  than  with  lead  azide  are  mainly  due  to  the  higher  loading  den- 
sity of  the  fulminate.  Both  materials  were  pressed  at  10,000  psi, 
which  gives  a density  of  approximately  3 grams  per  cc  for  lead  azide 
and  a density  of  approximately  3.6  grams  per  cc  for  mercury  fulminate. 

Density  effects.  The  densities  at  which  both  the  donor  aim  tim 
acceptor  are  loaded  have  considerable  effect  upon  the  probability 
that  detonation  will  be  transmitted  between  the  two  charges.  The 
available  energy,  the  pressure,  and  the  velocity  of  stable  detonation 
of  a solid  explosive  increase  with  the  loading  density.  The  pressure 
and  velocity  associated  with  mctastable  (boundary)  detonation  also 
tend,  in  general,  to  increase  with  loading  density.  Thus  the  initiating 
power  of  any  given  explosive  increases  as  the  density  increases  unless 
conditions  are  such  that  the  higher  density  results  in  marginal  initia- 
tion and  a consequent  reduction  of  the  length  of  column  whicu 
detonates  at  the  full  stable  rate.  In  primary  explosives,  a similar 
reduction  in  effective  column  length  may  result  from  the  increasing 
reluctance  of  explosives  to  effect  the  transition  from  burning  to 
detonation  as  the  loading  density  is  increased.  Explosives  exhibiting 
this  effect  in  its  extreme  arc  said  to  be  “dead  pressed'’. 

The  sensitivity  of  explosives  might  be  expected  to  increase  with 
per  cent  of  voids  for  two  reasons:  (a)  as  the  voids  m an  explosive 

increase,  a shock  of  a given  pressure  can  do  more  work  per  unit  mass 
in  compressing  the  material,  thus  raising  it  to  a ig  er  a\er 

temperature;  (6)  the  increasing  inhomogeneity  of  the  materials  ten 

• a.ctrioiitmp  witn  the  resuit 

to  increase  tne  nonuniiormuv  ^ 

that  the  hottest  areas  may  be  well  above  the  average  temperature^ 
This  latter  effect  has  two  opposing  results,  tne  higher  *emp.  • _ 

some  spots  improves  the  probability  of  initiation,  w 1 e , . 

temperature  at  other  points  increases  the  time  require 
reaction  (lengthening  the  reaction  zone),  allowing  more  time  for 
radial  losses.  The  first  effect,  while  quite  applicable  ^en  the  im 

tiating  shock  is  transmitted  to 

rr<,a  rmtpl.  mom  compneatea  wnen  ....  -o'-  -x  _ 

w K o^i'irom  a lass  compressible  material,  in  winch  ««  tne 
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intensity  of  the  transmitted  shock  depends  upon  the  matching  o; 
acoustic  impedances  of  the  transmitting  medium  and  the.  explosive. 
Where  detonation  is  transmitted  by  means  of  fragment  impact, 
practically  all  of  the  kinetic  energy  of  the  fragment  is  transmitted  to 
the  explosive  and  the  concentration  of  the  energy  depends  upon  how 
quickly  the  fragment  is  stopped.  This  phenomenon  would  tend 
to  make  the  apparent  sensitivity  increase  with  the  density  of  the 
explosive. 

With  so  many  variables  involved,  the  relation  between  acceptor 
density  and  the  probability  of  transmission  of  detonation  is  quite 
complex.  Unfortunately,  experimental  data  are  available  for  only  a 
few  of  the  many  possible  combinations  of  the  variables  involved.  On 
figures  8-11  and  8-12  arc  plotted  critical  air  gaps  obtained  with 
various  combinations  of. two  donor  diameters,  two  acceptor  diameters, 
and  four  densities  of  each  charge.  Both  donors  and  acceptors  were 
bare  ended  L:  these  experiments.  It  will  be  noted  that  the  gaps  tend 
to  increase  with  increasing  donor  density  and  to  decrease  wit  h increas- 
ing acceptor  density.  The  experiment  discussed  in  reference  (4) 
indicates  that  the  maximum  sensitivity  ns  measured  by  the  thickness 
of  a steel  barrier  through  which  a tetryl  lead  could  be  initiated  by 
means  of  a certain  British  type  of  detonator  reached  a maximum  when 
the  density  of  the  tetryl  was  about  1.35  grams  per  cc.  When  copper 
was  substituted  for  steel  or  when  an  air  gap  vras  introduced  between 
the  detonator  and  the  degrading  disks,  this  optimum  density  appar- 
ently increased,  and  in  many  tests  the  highest  apparent  sensitivity 
was  obtained  with  the  highest  density  used  (1.65). 

Figure  7-8  (page  7-12)  shows  the  effect  of  density  on  the  initiation 
sensitivity  of  several  explosives  as  measured  by  the  booster  sensitivity- 
test,  usings  the  arrangement  shown  on  page  7-10.  It  will  be  noted  that 
although  the  sensitivity  of  tetryl  and  TNT  increases  with  percent  of 
voids,  that  of  Pentolite  and  Composition  A is  nearly  independent  of 
density.  The  reason  may  be  that  the  last  two  explosives  are  both  mix- 
tures of  sensitive  high  melting  point  materials  with  lower  melting,  less 
sensitive  materials.  The  most  orobable  form  that  they  would  take 
would  be  particles  with  sensitive  cores  and  insensitive  surfaces.  Thus 
the  high  temperature  areas  resulting  from  the  " homogeneity  of  the 
less  dense  charges  are  vi  the  less  sensitive  pu.is  of  the  explosive  grains. 

Particle-size  effects.  Where  the  inhomogencity  of  pressed  granular 
explosives  results  in  local  "hot  spots,”  as  just  discussed,  the  time  re- 
quired for  the  reaction  to  propagate  from  the  hotter  to  the  cooler  areas 
is  dependent  to  some  extent,  upon  Iho  distances  separating  these  areas. 
Under  these  conditions,  then,  the  reaction  zone  length  increases  with 
the  particle  size.  If  the  particle  size  distribution  is  such  as  to  improve 
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packing  efficiency,  it  reduces  the  number  of  grain  contacts  per  unit 
volume  for  any  given  density.  The  resulting  increase  in  average 
distance  between  points  of  contact  also  tends  to  increase  the  reaction 
zone  length. 

In  reference  (3)  the  relation  of  these  effects  to  the  stability  of  detona- 
tion is  discussed  in  more  detail  than  is  warranted  at  this  point.  Ref- 
erence (3)  quotes  experiments  wherein  it  was  found  that  a mixture 
of  ammonium  pierate  of  two  particle  sizes  in  the  proportions  conducive 
to  the  best,  packing  efficiency  failed  to  support  detonation  under  a 
certain  condition  of  diameter,  confinement,  and  density  whereas  each 
of  the  two  components  of  the  mixture  by  itself  would  detonate  under 
the  same  condition. 

No  quantitative  data  regarding  particle  size  effects  are  at  hand 
which  apply  specifically  to  explosive  train  design.  However  n the 
early  stages  of  the  gap  tests  described  in  other  paragraphs  of  tm^ 
section,  an  inadvertent  change  in  the  particle  size  and  particle  size 
distribution  of  the  tctryl  used  for  acceptors  caused  a substantial 
change  in  the  results.  Since  that  time,  all  tctryl  used  has  been  of  a 
size  which  passed  through  a U.  S.  Standard  number  35  screen  and  was 
held  on  a number  45  screen.  Investigations  of  particle  size  effects 
are  projected. 

Confinement  effects.  As  pointed  out  earlier,  radial  losses  of 
material  and  energy  result  in  a lower  stable  detonation  velocity  and 
a higher  boundary  detonation  velocity.  Plainly  then,  anything  which 
reduces  these  losses  will  increase  both  the  initiating  effectiveness  ana 
the  effective  sensitivity  of  an  explosive  column.  The  explosive  com- 
ponents of  explosive  trains  are  surrounded  by  solid  nonexplcs.ve 
materials,  usually  metals.  Although  the  designer  may  think  of  these 
materials  principally  as  a means  of  mechanical  support,  tney  are  so 
important  to  the  functioning  of  u-S  explosives  tha,t  a majority  o 
fuzes  might,  be  rendered  inoperative  or,  at  least,  quite  unre  a e 7 
the  injudicious  substitution  of  materials  in  those  parts  into  which  the 
explosives  are.  loaded. 

The  propagation  rate  of  an  explosive  reaction,  be  it  a detonation  oi 
a deflagration,  is  a direct  function  of  the  pressure  in  t e reacionz 
in  the  case  of  detonation,  for  reasons  discussed  earlier;  mthecaseo 
deflagration,  because  the  rate  of  heat  transfer  between the product 

gases  and  the  unreacted  solid  is  directly  re  a e cause  an 

Anything  which  retards  the  escape  of  the  product  ca^ 

increase  in  the  pressure  and  a consequent  increase  m Propa^Uc^ 

rate.  The  characteristics  of. the  contamei  o sue  a * vary 

, ?_  Ht„t.  f hi*  p«4rfl.nc  of  the  product  ga^cs  \ a y 

arc  most  imporuuu  m icuuum6  — — * 4 . ~ 

with  the  pressure,  propagation  rate,  and  rate  of  product  of  gases, 
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all  of  which  are  closely  interrelated.  If  a reaction  is  very  slow  un  i 
the  pressure  low,  ihe  important  characteristic  of  the  container  is  iu 
continuity,  or  the  absence  of  leaks.  For  somewhat  faster  reactions, 
the  importance  of  smali  leaks  decreases  since  the  rate  of  pas  production 
quickly  exceeds  the  leakage  rate;  but  since  the  pressure  is  higher,  a 
much  stronger  container  is  necessary  to  maintain  a constant  internal 
volume.  Finally,  under  conditions  of  stable  detonation,  the  pressure 
is  so  high  that  even  the  strongest  metals  are  too  weak  to  have  any 
confining  effect  except  that  due  to  inertia.  The  reaction  time  here  is 
so  short  that  the  inertia  of  the  product  gases,  retarding  their  expan- 
sion, is  sufficient  to  maintain  pressures  of  the  order  of  millions  of 
pounds  per  square  inch  Independent  of  any  surroundings,  except 
where  thediameter  is  very  small.  For  small  diameter  columns,  the 
stable  detonation  velocity  can  be  affected  by  the  confining  medium. 

It  might  be  concluded,  from  the  proposition  that  inertia  is  the 
important  factor  in  confining  a detonating  explosive,  that  the  con- 
fining effect  of  various  materials  should  be  proportional  to  their 
densities.  However,  it  is  not  quite  so  simple.  With  a little  considera- 
tion, it  becomes  plain  that  only  that  material  which  has  been  affected 
by  the  detonation  within  the  reaction  time  can  contribute  to  the 
confinement  of  the  reaction.  It  is  plain  that  only  that  material  which 
has  been  reached  by  the  shock  is  affected.  The  mass  of  this  material 
is  thus  a function  of  both  the  shock  velocity  and  the  density.  Some 
measurements  have  been  made  of  the  velocities  of  shock  waves  in 
metal  plates  in  contact  with  detonating  explosives.  Some  of  these 
values  are  tabulated  below  with  the  densities,  the  products  of  the 
density  and  the  velocity  (acoustic  (shock)  impedance),  and  values 
for  the  function 

l±  IW1 

where  Pe  is  the  density  of  the  explosive  and  D,  is  the.  detonation 
velocity  of  the  explosive. 

Table  8-1. — Shock  Characteristics  of  Metals 
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The  expression  ~jjy  ~ 1 is  proposed  in  reference  (3)  as  an  in- 
verse function  of  the  effectiveness  of  a materia]  as  a confining  medium 
for  stable  detonations  of  small  diameter  explosive  columns.  It  should 
he  pointed  out  that  the  values  given  in  tabic  8-1  were  obtained  with 
flat  plates  normal  to  the  direction  of  detonation,  and  that  they  were 
obtained  with  various  explosives.  Thus,  their  applicability  to  design, 
if  any,  is  indirect . 

The  minimum  shock  pressure  for  transmission  of  detonation  is  much 
lower  than  that  associated  with  stable  detonation;  accordingly,  the 
same  considerations  do  not  necessarily  apply.  Although  relatively 
few  data  regarding  these  effects  are  at  hand,  one  series  of  tests,  using 
0.10  inch  diameter  lead  azide  donors  and  0.10  tetryl  acceptors  both 
nressod  at,  10,000  psi,  gave  the  results  shown  in  table  8-2  when  the 
confining  medium  was  varied. 

Tabi.f,  8-2. — Effect  of  Confining  Medium  on  Critical  Gap  — 


Confining  medium 


Critic*!  (tap  \) 
| (Inth e*i  ij 


Confining  medium 


Critical  gap 
(inches) 
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The  values  for  copper,  lead,  and  aluminum  line  up  reasonably  well 
with  the  acoustic  (shock)  impedances,  while  that  for  steel  is  quite 
appreciably  out.  of  line,  possibly  because  the  pressure  associated  wiuh 
threshold  firing  may  he  within  the  range  of  the  strength  of  steel 
under  conditions  of  dynamic  loading.  It  would  be  reasonable  to  ex- 
pect inversions  of  the' ordering  of  the  effectiveness  of  connmng  media 
as  conditions  such  as  density  and  diameter  are  changed. 

Experience  with  fuzes  repeatedly  re-emphasizes  the  importance  of 
confinement.  In  recent  tests  it  was  found  that  m a fuze  which  had 
worked  satisfactorily  when  the  leads  and  booster  were_  oused  m s.ee 
or  brass  containers*  the  booster  failed  to  detonate  reliably  when  die 
cast  zinc  or  plastic  containers  were  substituted.  The  confinement 
afforded  by  the  zinc  alloy  as  compared  with  the  brass  may  have  een 
reduced  by  porosity  as  well  as  by-  its  somewhat  lower  acoustic 

m 111 ^tlio ' coursi;  of  the  experiments  on  harriers,  discussed  late^  a 

rather  interesting  confinement  effect  was  not, teeth  It  was .found that 

ilie  insertion  of  a steel  barrier  between  a lea.  an  e 0 . , , 

acceptor  actually  increased  the  violence  wu  w m ^ which  it 

. . , ‘ r t __  :r.  .n\,„t  ,mmt  the  conDer  boay  into  wmen  it 

effective  than  the  pressure 
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head  of  lead  azide  reaction  products  in  retarding  the  backward  expan- 
sion of  the  tetryl. 

Another  type  of  confinement  is  important  in  connection  with  the 
transition  from  burning  to  detonation  in  primary  explosives.  This 
transition  depends  upon  the  pressure  build-up  and  consequent  ac- 
celeration of  the  burning  process.  Here  the  times  are  spmetimes  long 
enough  and  the  pressure  low  enough  for  the  problem  to  be  that  of  con- 
taining a gas  at  high  static  pressures.  The  strength  of  even  a thin 
walled  detonator  cup  may  be  important  in  this  case.  These  consid- 
erations can  be  important  in  determining  the  output  characteristics  of 
a detonator  insofar  as  they  affect  the  effective!  column  length. 


T 
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a 
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reverse  Displacement 

The  commonest  means  of  isolating  the  sensitive  elements  of  an 
explosive  train  from  the  more  destructive  elements  is  the  displacement 
of  one  column  j/2  that  it  is  not  aligned  with  another.  Even  when 
the  elements  are  so  misaligned,  shocks  of  enough  magnitude  to  transmit 
detonation  may  he  carried  through  the  metal,  or  gases  at  pressures 
and  temperatures  sufficient  to  initiate  detonation  may  find  their  way 
from  the  exploded  to  the  unexploded  charge.  In  practice,  the  var- 
iables which  affect  both  of  these  mechanisms  are  so  complicated  that 
the  displacement  necessary  for  safety  can  be  established  only  by 
experiments  with  actual  fuze  components. 

A series  of  idealized  experiments  has  been  made  in  which  the 
critical  transverse  ■ displacement  was  determined  for  propagation 
between  lead  azide  and  mercury  fulminate  donors  and  acceptors  of 
various  high  expolsives.  Figure  8-14  is  a diagram  of  the  test  arrange- 
ment. In  figure  8-15  these  data  are  plotted  against  the  axial  gaps 


obtained  with  the  same  combinations  of  explosives. 
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Figure  8-14..  Arrangement  of  Donor  and  Acceptor  fa  the  Te&niren 

Displacement  Tests. 
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CENTER  LINE 


OF  ACCEPTOR 


CENTER  LINE 
OF"  DONORS 
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NOTE:  A-A  IS  LINE  THROUGH  POINT 
OF  INITIATION 

Figure  8-76.  Acceptor  initiated  by  Metai-Borne  Shock  from  Out-of-Line 

Donor. 

o ' the  curves  is  quite  apparently  related  to  the  point  at  which  the 
expanded  hole  in  which  the  donor  charge  had  been  loaded  is  tangent 
to  the  unexploded  acceptor. 

Evidently  the  initiation  of  some  explosives,  including  totryl,  is 
quite  probable  when  the  holes  overlap  and  quite  improbable  when- they 
do  not.  This  fact  suggests  that  the  initiation  is  accomplished  pri- 
marily by  the  hot  gases.  For  more  sensitive  materials  such  as  RDX 
and  PETN,  the  metal-bome  shock  is  apparently  an  important  mecha- 
nism. Some  of  the  PETN  and  RDX  acceptors  were  initiated  in  the 
interior  as  evidenced  by  the  way  in  which  the  container  was  deformed, 
as  shown  in  figure  8-16.  These  data  plotted  iD  figure  8-15,  all  were 
obtained  using  explosives  loaded  at  10,000  psi  in  0.150  inch  diameter 
holes.  Experiments  with  other  sizes  and  loading  pressures  are 
projected. 

Barriers 

When  detonation  i«  transmitted  between  two  charges  separated  by 
a solid  or  liquid  medium,  the  transmission  may  bo  accomplished 
either  by  shock,  by  gross  movement  of  the  barrier,  or  by  a combina- 
tion of  these.  In  any  case,  the  cno.gy  may  be  lost,  as  in  air  shocks, 
by  spherical  dissipation  and  by  the  irreversible  work  done  by  the  shook 
on  the  material. 
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\n  investigation  of  barrier  effects  is  in  progress  but  experiments  to 
date  have  been  of  an  exploratory  nature.  Steel  barriers  have  been 
substituted  for  air  gaps  in  experiments  similar  to  those  discussed  in 
previous  paragraphs  of  this  section.  Based  on  relatively  few  shots, 
these  experiments  indicate  that  the  critical  thickness  of  a steel  barrier 
is  of  the  order  of  one  half  of  the  critical  air  gap  for  lead  azide  donors 
and  tetryl  acceptors.  Ratios  W particular  donor-accepter  combina- 
tions varied  between  0.375/1  and  0.70/1 . Part  of  the  variation  in  the 
rat’os  is  apparently  due  to  the  existence  of  maxima  in  the  metal 
harrier-density  curves  where  none  exist  in  the  air  gap  density  curves 
The  reasons  for  ( hose  maxima  are  discussed  in  the  earlier  section  headed 

In  some  larger  scale  tests,  similar  to  those  described  in  section  2 of 
chanter  7 various  materials,  including  several  waxes,  several  plastics, 
aluminum,  copper,  and  wood  were  compared  with  air  as  barrier 
materials  in  these  tests,  the  critical  thickness  for  most  ma„ena!s 
was  about  0.4  limes  the  air  gap  (with  slightly  lower  values  for  copper 
and  wood)  when  the  acceptor  charge  was  tetryl  or  penlohte  .»«* 
less  sensitive  acceptors,  such  as  cast  Composition  B,  the  critical  air 
gap  was  much  closer  to  the  critical  wax  barrier  thickness  and  in  some 
cases  actually  smaller.  In  those  tests  it  was  also  found  that,  with 
some  acceptor  materials,  the  critical  barrier  thickness  was  increased 
by  interposing  an  air  gap  between  the  barrier  and ! the  accept.  It 
will  be  noted  that  in  these  tests  the  barrier  is  of  the  same  diame . 
as  the  booster.  There  is  room  tor  doubt  as  ^‘her 
results  would  be  obtained  with  a barrier  of  much  larger  area. 

Shaped  Charge  Effects 

Angularly  converging  shocks  may  combin0,  under  some  ^ircum^ 

ST 

is  known  as  tne  -uuniov  bv  H nine  the  cavity  with 

field.  The  effect  can  be  greatly  augmente  - g iocities  0f 

metal,  which  is  formed  into one  « ^ £ ,L  detonation 
the  same  order  of  magnitude  and  c\c  J ^ c osed  Gf  solid 

velocity  of  the  explosive.  Because  } C t’neir  uenetrating 

fragments,  they  retain  their  velocities  and  hence  P 

effects  over  long  ranges.  munitions  during  World 

This  effect  was  used  m a amount  of  research  and 

War  IT  and  was  the  subject  of  a com  ^ ihR  nrindples  un- 

development 
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covered  in  this  work.  The  application  of  shaped  charge  principles  to 
explosive  trains  is  discussed  in  reference  (7).  The  work  described  in 
reference  (7)  was  experimental  work  aimed  toward  the  development 
of  specific  designs  rather  than  basic  research  aimed  at  uncovering 
fundamentals.  Figure  8-17  is  a diagram  of  the  arrangement  of  the 
experiments.  Table  8-3  gives  some  of  the  results  of  these  experi- 
ments. These  data  may  be  useful  in  providing  a departure  point  for 
a designer  who  wishes  to  apply  the  shaped  charge  effect  to  explosive 
trains. 


Figure  8-17.  Disgra,,,  of  Experiments  on  the  Propagation  of  Detonation 
from  Shaped  Charge  initiators. 
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Some  experiments  at  the  Naval  Ordnance  Laboratory  indicate  that 
substantial  increases  in  critical  gap  can  be  obtained  even  with  charges 
as  small  (about  0.150  inch  diameter  by  0.5  inch  long)  as  the  deto- 
nators usually  used  by  the  Navy. 

Many  commercial  blasting  caps  have  small  "dimples”  in  their 
bases.  Although  these  bases  are  not  at  all  well  proportioned  as  shaped 
charge  liners  (they  are  much  too  thick,  for  one  thing),  they  do  form 
into  slugs  which  can  substantially  increase  the  initiating  range  of 
these  caps  particularly  when  the  acceptor  i«  relatively  sensitive. 
This  fact  may,  for  example,  account  for  the  extreme  range  over  which, 
one  hears,  dynamite  is  sometimes  initiated  by  blasting  caps  (40  feet 
?e*»ording  to  one  account). 

It  has  been  found  that,  although  the  effectiveness  of  shaped  charge 
ammunition  is  considerably  reduced  by  the  rotation  of  spin  stabilized 
projectiles,  the  influence  on  the  effectiveness  of  the  small  jets  used 
in  explosive  trains  is  very  small.  The  reduction  in  effectiveness  due 
to  rotation  is  a centrifugal  effect  related  to  the  diameter. 

In  the  application  of  the  Munroc  effect  and  related  phenomena 
to  explosive  train  designs,  several  points  must  be  kept  in  mind. 
These  effects  do  not  in  any  way  increase  the  energy  available  from 
an  explosive  charge.  Their  effect  is  that  of  concentration.  Thus 
these  effects  depend  for  their  usefulness  on  accurate  alignment  and 
symmetry  of  all  components  of  the  donor  and  of  the  donor  with  the 
acceptor  and  any  small  openings  through  which  the  donor  must  shoot. 
The  shaped  charge  as  used  in  explosive  trains  is 'primarily  a device 
for  transmitting  detonation  over  relatively  large  distances.  Its 
value  in  augmenting  the  reliability  of  initiation  over  short  ranges 
has  been  questioned  although  it  is  believed  that  a properly  designed 
shaped  charge  can  improve  reliability  of  propagation  even  between 
charges  in  direct  contact. 

An  example  of  an  application  of  the  shaped  charge  in  explosive 
trains  is  the  Army’s  Point  Initiating  Fuze  M90. 
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Section  4. — Pyrenees 

Parentheticul  numbers  preceded  by  the  letter  “S”  arc  Naval 
Ordnance  Laboratory  file  numbers, 

(1)  NOLM  10926,  Redesign  of  Underwater  Detonators — Develop- 

ment Work.  May  22,  1950. 

(2)  NOLM  10065,  Optimum  Blow-Through.  Hole  Diameter  for  Mk 

113  Primers.  March  18,  1949. 

(3)  NAVORD  Report  No.  70-46,  The  Stability  of  Detonation.  June 

1946.  (S-10775). 

(4)  Ordnance  Board  Proceeding  No.  30870  with  Enclosure  dated 

April  15,  1945.  (British)  (S-6300). 

(5)  NOLM  9707,  The  Effect  of  Air  Gaps  on  the  Initiation  of  a lead 

by  a Detonator.  June  25,  1948. 

(6)  Journal  of  Applied  Physics,  Vol.  19,  No.  6,  pp.  563-582,  June 

194S,  Explosives  with  Lined  Cavities. 

(7)  OSRD  Report  No.  5601,  Point  Initiating  Fuzes  for  Shaped 

Charge  Weapons.  January  3,  1946.  (S-8205). 


CONFIDENTIAL 


7 


CONFIDENTIAL 

SECURITY  INFORMATION 


Chapter  9 


MEASUREMENT  TECHNIQUES 

The  measurement  of  fuze  explosive  component  performance  con- 
sists mainly  of  a determination  of  (a)  the  input  characteristics,  and 
(l)  tlie  output  characteristic. 

Many  of  the  instruments  and  techniques  available  for  making  these 
determinations  are  of  recent  development,  having  been  produced 
under  a program  set  up  in  early  1947  to  provide  more  adequate  means 
for  controlling  fuze  and  fuze  component  quality  and  performance 
(ref.  (!)). 

In  general,  "input  characteristics”  may  be  considered  synonymous 
with  sensitivity.  Sensitivity  measurements  are  usually  concerned 
with  the  energy  required  to  insure  initiation  of  the  explosive  com- 
ponent. This  ‘initiating  energy  may  be  supplied  in  mechanical, 
electrical,  or  thermal  form,  and  must  be  measured  without  undue 
disturbance  of  the  firing  system  or  appreciable  energy  consumption 
by  the  measuring  device. 

“Output  characteristics”  embrace  nil  the  physical  phenomena 
which  may  result  from  an  explosion.  Since  an  explosion  may  aenver 
heat,  light,  and  sound  ns  well  as  mechanical  energy  in  the  form  o 
high-pressure  waves,  high-velocity  gases,  and  high-veiocity  parades 
the  particular  aspect  of  the  energy  output  that  must  be  measure 
often  depends  greatly  on  the  application  o.  t.e  componm  . 
in  a detonator  application,  it  may  be  most  important  to  determi 
the  intensity  of  the  shock  wave  delivered  to  the ^succeeding lead  or 
booster;  while  in  certain  primers,  the  ability  to  drive  asm  p 
may  be  the  orimary  consideration. 

A few  miscellaneous  tests  that  fall  under  neit5ier 
characteristics  may  be  noted.  Surveillance  es  * * which  the 

into  a succession  of  input  and  output  measurement  mw^ huh  me 
variation  of  these  measurements  with  time  m storag " omDOnents 
Measurements  of  the  delay  times  of  pyrotechnic  de  y p , 
of  the  effectiveness  of  sealing  and  moisture  proofing  and 

bri6fly  at  aPPr0Priate 

indication  of  the  field  of  usciulne»2  of  cadi. 
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In  the  discussion  that  follows,  the  field  of  measurement  techniques 
has  been  divided  into  sensitivity  and  output  measurements.  Each 
of  these  divisions  is  concerned  with  two  types  of  initiators:  (a)  com- 
ponents  such  as  detonators  and  lends  that  initiate  booster  type  explo- 
sives; and  (b)  components  such  as  primers  thnt  initiate  primary 
explosives,  black  powder  or  pyrotechnics,  or  that  do  mechanical  work. 

Section  \~ -Sensitivity  Measurements 

Any  useful  measurement  of  explosive  component  sensitivity  must 
involve  a direct  or  indirect  measurement  of  the  initiating  energy 
delivered  to  the  ample.  Energy  must  always  bo  delivered  to  the 
sample  at  a finite  rate.  If  this  rate  of  energy  delivery  is  known,  it 
is  frequently  possible  to  evaluate  the  "threshold’'  or  minimum  firing 
energy  in  terms  of  the  rate  of  energy  delivery  multiplied  by  the  time 
of  application  up  to  the  instant  of  firing.  In  some  cases  the  rate  of 
energy  delivery  is  too  rapid  for  such  a simple  procedure  to  be  appli  - 
cable. This  is  usually  the  case,  for  example,  in  condenser  discharge 
firing  of  electric  primers.  The  rate  of  energy  application  is  nlso  a factor 
in  determining  the  sensitivity  in  some  instances.  This  is  particularly 
noticeable  when  very  slow  rates  of  energy  application  are  involved. 
In  this  connection,  see  page  3-36,  Effect  of  Rate  of  Energy  Input  in 
Bridge-Wire  Type  Primer. 

Initiators  of  Booster-type  Explosives  (Detonators)  - 

Stab  detonators.  Stab  initiated  detonators  arc  usually  tested  in 
some  form  of  drop  weight  apparatus.  Test  Set  Mk  136  (ref.  (1 1))  is 
typical  of  such  devices;  it  is  illustrated  in  figure  9-1.  In  Test  Set 
Mk  138,  the  initiating  energy  is  supplied  by  the  impact  of  a freeiy 
falling  steel  sphere  upon  a firing  pin  which  rests  lightly  agninst  the 
sample.  The  total  energy  of  the  steel  sphere  at  contact  is  simply  the 
weight  of  the  sphere  times  the  height  from  which,  it  has  fallen. 

by  considering  the  construction  of  the  apparatus  more  closely,  it 
can  be  seen  from  figure  9-1  that  the  test  sample  is  mounted  in  a 
plastic  holder  on  top  of  a precisely  located  anvil.  A heavy  shield 
surrounds  the  anvil  and  sam  pie  1 solder.  A small  opening  in  the  upper 
surface  of  the  shield  is  accurately  aligned  with  the  plastic  holder  so 
that  the  firing  pin  may-  be  inserted  in  th*  tubular  part  of  the  holder 
above  the  test  sample  after  the  shield  has  been  closed.  The  upper 
end  cf  the  firing  pin  protrudes  slightly  above  the  shield.  The  steel 
drop  ball  is  held  by  an  electromagnet  that  may  be  raised  or  lowered 
by  a jack  screw.  Accurate  alignment  of  the  drop  ball  with  the  axis 
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of  (lie  firing  pin  is  scoured  by  a concave  magnet  pole  piece.  Toler- 
ances are  closely  held  on  the  firing  pin  contours  as  well  as  on  the  drop 
ball  weight  in  order  to  insure  reproducible  test  results.  The  firing 
pin  and  plastic  holder  are  exnended  when  the  sample  fires. 

The  test  procedure  employed  in  the  operation  of  Test  Set  Mk  136 
may  assume  either  of  two  forms.  Firing  may  follow  the  “Bruceton" 
or  “staircase”  method  in  which  the  drop  height  is  increased  one  unit 
following  a misfire  and  decreased  one  unit  following  a fire,  or  it  may 
follow  f ho. “Frank ford”  or  "rundown”  method  in  which  the  percentage 
firing  at  each  of  a senes  of  drop  heights  ic  obtained.  Some  further 
discussion  of  these  methods  is  included  later  in  this  section  under 
vieueral  Remarks  on  Sensitivity  Tests,  page  928.  In  the  Bruceton. 
test,  the  results  arc  reported  in  terms  of  the  height  !X  at  which  50 
percent  of  the  samples  will  fire.  In  the  Franktord  test,  the  data  may 
he  reported  for  any  chosen  percentage  of  firing. 
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figure  9~1.  Test  Set  Mk  136  Mod  0 for  Stab  Primers  and  Stab  Detonators, 
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.lt  • Lbe  “ote(^  that  the  initiation  energy  is  applied  at  a moderate 
ra  in  est  Set  Mk  136  since  the  drop  ball  never  attains  a velocity 
m excess  of  about  135  inches  per  second,  and  usually  has  velocities 

A0*?  +*^°  ^ lncbes  Per  second-  This  being  the  case,  a measurement 
ot  the  tune  interval  between  drop  ball  impact  and  the  first  evidence 
of- expxosion  should  permit  some  estimate  of  the  actual  initiation 

marO?  ^ tbc  *'est  8amPiei  or  at  least  give  an  indication  of  the 

mo  gln  /iwhlch  tJie  sample  fired  for  a given  drop  ball  energy.  The 

bStWCdh  tr  bC  f at  betWRCn  the  tir°P  ba!I  impact  and  the  later 
cau  inTt'^  6 Cmf-ba^  been  8ufficiently  indented  or  perforated  to 
Zn  T Tm\Vm  for  perforation  depend, 

indentation  ™,LiL  "S1  "*  ™pa.Ct  "s  wcIi  ns  on  *1’°  deP*h  °f 
indentation  ~~ 
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It  would  therefore  he  expected  that  shorter  firing  times  would  be 
measured  ns  the  height  of  fall  increased.  That  this  is  the  case  is 
shown  in  figure  9-2.  This  measurement  is  most  conveniently  accom- 
plished by  a modification  of  Test  Set  Mk  173  which  is  described  later 
in  this  section  beginning  on  page  9-23. 

Electric  detonators.  The  sensitivity  of  electric  detonators  may  be 
determined  by  eithr  of  the  two  methods  mentioned  in  section  3 of 
chapter  3,  under  Effect  of  Rate  of  Energy  Input  in  Bridge-Wire 
Primer  (page  3-30;.  These  two  methods  may  be  termed  (a) 
the  "condenser  discharge”  method  and  ( k ) the  "constant  current” 
method.  With  either  method,  the  operating  procedure  may  follow 
the  Bruceton  or  the  Frank  ford  firing  schedule  to  obtain  the  desired 
information.  With  both  methods  the  aim  is  to  measure  the  electrical 
energy  input  necessary  to  bring  the  ignition  bridge  up  to  the  initiation 
temperature  of  the  explosive.  Since  a bridge  wire  of  given  dimensions 
and  material  must  reach  a definite  temperature  in  order  to  initiate  the 
explosive  in  which  it  is  imbedded,  it  is  evident  that  the  rate  of  energy 
input  is  an  important  consideration.  Thus  a bridge  wire  may  reach 
thermal  equilibrium  with  its  environment  at  a temperature  well  below 
the  initiation  temperature  if  the  rate  of  energy  input  is  low,  and 
therefore  a large  total  energy  may  be  delivered  without  initiation. 

In  the  condenser  discharge  method,  the  rate  of  energy  input  is 
usually  high.  This  is  accomplished  by  making  the  RC  discharge  time 
short  compared  with  the  cooling  time  of  the  bridge.  The  short  dura- 
tion of  the  RC  discharge  time  often  introduces  difficulties  in  the 
design  of  test  instrumentation  ns  is  discussed  later. 

A satisfactory  apparatus  has  been  assembled  (ref.  (2))  and  has  been 
used  to  obtain  most  of  the  data  of  section  3 in  chapter  3.  lhis  test 


apparatus  has  been  designed  to  handle  a wide  variety  of  electric  deto- 
nators and  electric  primer  sensitfity  tests,  and  is  rather  ioo  elaborate  for 
designation  as  a standard  test  set.  The  condenser  discharge  apparatus 
includes  a precision  condenser  decade  box,  a regulated  voltage  su*»Pv 
capable  of  precise  voltage  adjustment  (ref.  (2)),  a compact  firing 
chamber  with  an  ingenious  safety  interlock  system  that  pi  events 
accidental  firing  with  the  door  open,  and  a mercury  contact  relay  to 
connect  the  charged  condenser  to  the  electric  detonator  terminals. 
A more  detailed  description  of  these  components  follows. 

The  precision  condenser  decade  enables  a rapid  choice  of  an> 
capacity  value  up  to  1.110  microfarads  in  steps  of  0.001  nncrofarai. 
These  condensers  are  of  the  best,  available  quality,  thus  minimizing 
errors  due  to  dielectric  absorption  and  dielectric  leakage.  Boss  oi 
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absorption  must  be  avoided  in  order  that  the  input  energy  may  ho 
accurately  computed. 

The  regulated  voltage  supply  permits  a rapid  adjustment  of  the 


* - 
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charging  voltage  with  a precision  of  % percent  f 
150  volts.  This  corresponds  to  r precision  of  1 percent  in  the  stored 
energy,  which  is  expressed  by  the  equation  E=J4‘CV2. 

The  firing  chamber  is  a cubicle  of  armor  plate  fitted  with  a sliding 
door  for  access.  Connection  io  the  detonator  is  made  hy  short  leads 
through  the  chamber  wall  to  the  interlock  switch.  At  the  switch 
terminals,  very  short  leads  run  to  the  mercury  relay  and  condenser 
decade. 


The  firing  relay  s a heavy  duty  Mack  mercury  relay  which  is 
suitable  for  high  current  surges.  This  item  is  perhaps  the  most 
critical  in  the  whole  assembly,  for  switching  losses  may  introduce  very 
j serious  errors  in  the  test  results  if  not  detected.  Many  varieties  of 

switches  and  relays  have  been  tested  for  this  application,  but  none 
have  been  completely  satisfactory.  The  Mack  relay  is  the  best  of 
those  tested  with  regard  to  reproducibility  and  freedom  from  erratic 
contact  resistance,  particularly  when  used  at  potentials  below  about 
60  volts.  While  the  actual  energy  transfer  efficiency  of  the  Mack 
relay  is  not  precisely  known,  it  has  been  found  that  the  energy  trans- 
ferred is  a linear  function  of  the  applied  energy  and  that  the  trans- 
mitted energy  curve  extrapolated  goes  through  the  origin  when 
transmitted  energy  is  plotted  against  applied  energy.  Thus  there  is 
no  constant  energy  loss,  and  whatever  losses  may  exist  are  a fixed  and 
reproducible  proportion . of  the  applied  energy.  No  contact  chatter 
occurs  with  the  mercury  relay. 

In  using  the  condenser  discharge  apparatus,  the  chosen  condenser  is 
charged  to  the  desired  voltage,  quickly  disconnected  from  the  charging 
source,  and  connected  to  the  Mack  relay,  which  is  then  energized  to 
complete  the  circuit  to  the  detonator.  This  whole  operation  is 
accomplished  in  a small  fraction  of  a second  to  insure  no  loss  of  charge 


/ 


iHHi 


? pjariSj* 


om  the  condenser. 

When  detonators  with  low  resistance  bridge  wires  are  tested  on  this 
apparatus,  the  RC  discharge  times  are  very  short.  For  example, 
when  a 1-ohm  bridge  wire  is  used,  the  maximum  time  constant  at  the 
start  of  the  discharge  amounts  to  about  1 microsecond,  since  only 
about  1 microfarad  of  capacity  or  le.rs  is  usually  required.  In  many 
cases  the  time  constant  is  of  the  order  of  % microsecond.  Since  such 
short  u oration  pulses  are  being  transmitted,  it  is  essential  that  the 
wiring  from  the  condenser  through  the  relay  and  interlock  switch  to 
the  detonator  be  as  short  as  possible  to  minimize  stray  inductance  and 
capacitance  effects.  It  is  considered  that  stray  inductance  in  particu 
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lnr  will  result  in  an  oscillatory  discharge  which  is  prone  to  disturb  the 
test  results. 

The  firing  procedure  on  a condenser  discharge  sensitivity  test 
may  involve  selecting  a particular  capacity  and  varying  the  charging 
voltage  to  obtain  different  discharge  energies.  Alternatively,  it  is 
possible  to  select  a particular  charging  voltage  and  to  vary  the 
condenser  capacity  to  obtain  the  desired  energy  levels.  In  this 
latter  case,  the  KO  discharge  time  varies  from  energy  level  to  energy 
level,  but  this  may  cause  no  difficulty  if  the  variations  are  small,  and 
the  longest  time  constant  is  still  short  compared  with  the  bridge 
wire  cooling  rate. 

Xo  standardized  test  set  is  available  for  constant  current  firing 
of  electric  detonators;  although,  as  in  the  case  of  condenser  discharge 
testing,  constant  current  firing  apparatus  1ms  been  designed  and  in 
use  for  some  time.  The  design  of  a suitable  constant-current  firing 
system  is  a more  involved  problem  than  is  condenser-discharge 
design,  and  so  far  has  been  handled  on  a piecemeal  basis  with  no 
attempt  being  made  to  construct  a universal  test  set.  The  reason 
for  this  procedure  lies  in  the  wide  range  of  currents  to  be  delivered 
and  the  equally  wide  range  of  bridge  resistances  into  which  the  current 
must  he  delivered. 

Two  alternative  approaches  are  available.  One  is  to  choose  a 
"ballast  resistance”  that  is  many  times  higher  in  resistance  than  the 
bridge  of  the  detonator  to  be  tested,  taking  into  consideration  any 
changes  in  bridge  resistance  during  firing.  When  the  bridge  resistance 
and  the  ballast  resistance  are  connected  in  series  across  an  adjustable 
constant  voltage  source,  the  ballast  resistance  is  most  effective  in 
controlling  the  current  which  flows.  For  example,  if  it  is  desired 
to  supply  1 ampere  to  a bridge  wire  which  has  a cold  resistance 
of  2 ohms  and  which  may  reach  6 ohms  when  hot,  the  ballast  resistance 
might,  he  chosen  as  100  ohms.  Then  the  applied  voltage  would  be 
adjusted  to  102  volls,  thus  causing  1 ampere  to  flow  in  the  total 
resistance  of  1004-2  or  102  ohms.  When  the  bridge  wire  reached  a 

resistance  of  fi  ohms,  the  current  would  drop  to  yyw  or  0.962  amperes. 
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Thus  the  current  is  maintained  constant  to  within  4 percent  despite 
a three-fold  increase  in  the  bridge  wire  resistance.  It  should  be  noted 
hat  the  ballast  resistor  must  be  rated  at  100  watts  or  more  foi  tnis 
pplication,  and  that  the  ballast,  resistor  rating  becomes  almost 
prohibitive  when  higher  currents  are  desired  unless  the  tolerance 
n ^ regulation  is  relaxed.  Thu-,  to  supply  5 amperes  to  tlie 

■•uue  bridge  wire  at  4 percent  regulation  would  require  the  100  ohm 
adlust  resistor  to  have  ft  rating  of  2500  watts,  and  the  voltage 
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Figure  9-5.  Detail  of  Interlock  Switch  for  Safety  Firing  Chamber. 

souroo  would  have  to  be  capable  of  delivering  510  volts  at  5 amperes. 
In  general,  however,  the  bridge  wires  which  require  large  currents 
are  those  which  have  rather  low  resistances,  so  that  equivalent  current 
it’gulation  may  be  achieved  with  lower  ballast  resistances  and  lower 
-apply  voltages. 

In  actual  practice,  of  course,  the  supply  voltage  is  maintained  at 
'•>0  volts,  which  is  commonly  available,  and  the  ballast  resistance 
s adjusted  to  the  value  appropriate  to  the  desired  current,  this 
adjustment  being  made  with  a dummy  resistor  in  place  of  the  bridge 
' ire.  Effectively  this  results  in  better  than  average  current  regula- 
ion  ior  smalt  tiring  currents  ana  poorer  current  regmaaon  *or  *argc 
urrents.  Some  equipment  of  this  nature  is  shown  in  figures  9-3, 
'"■4,  and  9-5. 
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The  second  alternative  involves  the  use  of  constant  current  vacuum 
tubes  to  regulate  the  current.  Power  pentodes  such  ns  the  6J.(j 
or  807  may  be  used  in  parallel  to  reach  the  desired  current  rating,  .or 
even  larger  transmitter  type  pentodes  may  be  utilized.  Actually. 
Jh  principle,  the  constant  current  pentode  circuit  is  not  essentially 
different  from  the  ballast  resistor  scheme  but  offers  the  convenience 
of  using  the  vacuum  tube  as  a self-adjusting  ballast  resistor. 
Relatively  little  work  has  been  done  with  this  type  of  constant 
current  supply  for  electric  detonator  firing  except  in  the  very  low- 
current  range.  , 

In  both  the  ballast  resistor  and  the  vacuum  tube  circuits,  it  has 
been  necessary  to  establish  the  desired  constant  current  through  a 
short  circuiting  switch  across  the  terminals  of  the  detonator  bridge 
and  then  to  transfer  the  current  to  the  bridge  by  opening  the  switch. 
This  procedure  avoids  difficulties  with  switching  transients  in  the 
main  power  source  and  appears  to  be  satisfactory  as  long  as  the 
bridge  resistance  is  very  much  higher  than  the  shorting  switch  contact 
resistance.  Where  the  bridge  wire  resistance  is  not  high  relative 
to  the  switch  contacts,  the  switch  must  be  connected  across  a scries 
combination  of  the  bridge  wire  plus  a resistance  which  is  high 
relative  to  the  switch  contacts  yet  low  relative  to  the  ballast  resistor. 
To  use  4he  previous  example  of  a 2-ohm  bridge,  the  shorting  switch 
should  show  a resistance  not  much  over  0.02  ohm  if  it  is  to  he  used 
safely.  If  a switch  having  0.05-ohm  contact  resistance  were  used 
it  would  be  advisable,  when  working  at  the  higher  firing  currents, 
to  connect  a 3-ohm  resistance  in  series  with  the  detonator  and  to 
connect  the  switch  across  the  detonator-resistor  combination.  This 
added  resistance  would  have  no  serious  effect  on  the  constant-current 
characteristics  of  the  system. 

It  has  been  mentioned  that  the  constant-current  firing  'procedure 
may  utilize  either  the  Bruceton  of  the  Frankford  schedules.  It  is 
also  possible,  with  constant-current  firing,  to  improve  the  quality  of 
the  data  by  making  a simultaneous  measurement  of  the  time  of  current 
application  up  to  the  instant  of  firing.  In  general,  for  t wC-  detonators 
of  equal  bridge  resistance,  the  detonator  sensitivity  will  be  inversely 
related  to  the  firing  time  at  a given  current.  In  this  connection,  see 
the  references  under  electric  primers,  later  in  this  section  (page  9-27). 

Hash  detonators.  The  sensitivity  of  flash  initiated  detonators  may 
be  measured  by  the  application  of  a controlled  pulse  of  thermal  and 
^j^kanical  energy  to  the  sensitive  end  of  the  detonator.  Because  of 
inherent  engineering  difficulties  in  the  production  of  such  controlled 
puibfcis,  sensitivity  tests  for  flash  initiated  components  havo  been 
much  slower  in  development  than  have  tests  for  other  components. 
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Since  a flash  detonator  is  usually  initiated  by  a burst  of  Same  ana 
hot  particles  from  an  exploding  primer  or  pyrotechnic  delay,  one  of 
the  obvious  approaches  to  the  problem  of  sensitivity  testing  is  that  of 
using  primers  as  the  initiating  agency.  This  technique  has  often 
been  applied  in  the  past  for  lack  of  anything  better  and  has  sometimes 
given  apparently  satisfactory  results  for  a particular  set  of  conditions. 
It  is  occasionally  used  when  a new  type  of  detonator  is  to  be  substi- 
tuted for  a former  variety  using  the  same  initiating  primer. 

This  technique  has  several  serious  defects.  In  the  first  place,  the 
normal  spread  in  the  output  intensity  of  fuze  primers  is  fairly  great, 
so  the  applied  energy  can  only  be  very  roughly  controlled.  In  the 
second  piece,  the  best  way  to  obtain  a controlled  variation  in  the 
applied  energy  is  to  use  special  primers  with  weight-graduated  loads 
covering  the  range  of  primer  output  desired.  If  any  pretence  of 
accuracy  is  to  be  maintained,  samples  of  the  weight-graduated 
primers  should  be  tested  for  output  energy  versus  charge  weight  on 
equipment  such  as  Test  Set  Mk  173  discussed  on  page  9-46. 

In  most  cases  the  output  of  a primer  varies  directly  as  the  charge 
weight,  butr  this  should  be  verified  experimentally  in  each  case. 
Figure  9-6  shows  some  firing  data  collected  in  this  manner.  Ref- 
erence (9)  includes  some  sparse  data  on  the  initiation  of  Lash  de- 
tonators by  weight  graduated  Priiners  Mk  101.  While  the  tests 
were  actually  conducted  as  output  tests  on  Primers  Mk  101,  they 
may  equally  well  he  considered  as  input  or  sensitivity  tests  for  fuze 
Detonator  Mk  2S.  For  example  (Sec-table  VII  of  reference  (9)),  the 
shellac-sealed  primers  at  3 mg  charge  produced  only  40  percent 
functioning,  but  primers  with  charges  of  6 mg  and  over  produced 
100  percent  high  order  detonation.  The  sampie  sizes  used  were 
entirely  inadequate  for  any  valid  computation  oi  tne  sensitivity  of 
Detonator  Mk  28,  but  the  tests  do  indicate  that  the  use  of  graduated 
primers  is  a feasible  method  of  flash  detonator  sensitivity  testing  when 
more  elaborate  instrumentation  is  not  at  hand. 

Another  approach  to  flash  detonator  sensitivity  measurements  has 
been  found  in  various  high -temperature  submersion  tests.  ■ in  sum 
tests,  a bath  of  molten  Wood’s  metal  or  solder  is  maintained  at  a 
constant,  temperature  and  the  sample  detonator  is  sud~en_y  su 
merged  in  the  bath.  The  time  to  detonation  is  mcasuied  as  an 
inverse  function  of  sensitivity.  In  general,  these  tests  arc  more- 
relevant  to  ‘•cook-off”  than  to  flash  sensitivity,  for  tne  time  lags  are 
of  the  order  of  seconds.  See  references  (3)  and  (4)  regarding  sue 
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Figure  9-6.  Initiation  of  Flash  Sensitive  Charges  by  Varying  Primer  Loads. 

Related  closely  to  the  molten  bath  tests  are  those  that  involve  the 
application  of  blow  torch  flames  of  various  intensities  to  the  sensitive 
ends  of  the  detonator  samples.  Seme  data  on  blow  torch  tests  are 
given  in  references  (3)  and  (5),  Blow  torch  tests  were  reported  upon 
favorably  in  the  latter  reference,  with  rather  short  initiation  times 
indicated;  but  the  results  of  subsequent  tests  have  failed  to  reproduce 
tbe  ongmal  short  time  lags.  The  work  of  reference  (5)  was  done  with 
an  unusually  intense  flame  from  an  underwater  cutting  torch  burning 
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hydrogen  with  oxygen  within  a sheath  of  excess  air  formed  by  com- 
pressed air  jets,  and  it  is  possible  that  the  conditions  were  not  repro- 
duced in  the  later  tests. 

While  it  is  of  some  theoretical  interest  to  del  ermine  whether  or  not 
the  tests  of  reference  (5)  can  be  reproduced,  the  practical  aspects  of 
the  torch  tests  are  not  so  attractive.  Very  serious  difficulties  are 
encountered  in  obtaining  reproducible  flames  because  of  severe 
damage  to  the  torch  tip  by  particles  from  the  detonator.  No  ade- 
quate shutter  mechanism  is  available  to  trip  at  the  start  of  detonation 
and  to  shield  the  torch  tip  from  the  detonation  before  damage  can 
be  done. 

Additional  information  relevant-  to  the  initiation  of  detonators  in 
molten  metal  baths  is  given  in  reference  (6).  Ubbelohde,  on  the  basis 
of  tests  with  various  primary  explosives  loaded  in  No.  8 blasting  cap 
aluminum  cups,  set  up  equations  for  the  ignition  delay  at  any  tempera- 
ture in  the  form: 
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logi0 1==4  .-,7'p  + N where  t=ignition  delay,  seconds; 


Reactivation  energy,  kilocalories/mole;  and  T= temperature,  de- 
grees C. 

In  arriving  at  this  equation,  it  was  assumed  that  the  time  required 
for  heat  transfer  from  the  bath  to  the  explosive  was  negligibly  small. 
By  measuring  the  molten  metal  bath  temperature,  which  resulted  in  a 
5-second  ignition  delay,  he  was  able  to  evaluate  the  constants  in  the 
equation  for  each  of  several  explosives.  Using  the  resulting  equations, 
he  predicted  both  the  temperatures  necessary  for  initiation  in  times 
<>f  the  order  of  1 millisecond,  as  well  as  for  10  microsecond  delay  times. 
For  mercury  fulminate,  for  example,  initiation  occurred  in  5 seconds 
with  a 208°  C hath;  bath  temperatures  of  437°  C and  683°  C were 
predicted  for  1 millisecond  and  10  microsecond  ignition  times.  The 
corresponding  temperatures  for  lead  azide  were  343°  C,  551°  C,  and 
735°  C,  respectively.  These  predicted  temperatures  appear  to  be  in 
tin*  range  that  should  ho  readily  attainable  with  blow  torch  flames, 
hence  flame  initiation  should  be  possible  with  ignition  times  of  a few 
milliseconds.  The  discrepancy  between  these  predictions  and  the 
measured  time  delays  with  conventional  torch  flames  has  yet  to  be 
oily  explained,  but  it  is  probably  duo  to  the  lower  heat  content  of  the 
!o\v  pressure  flames. 

The  .-.nr-  sr.rmv.u-f!-.-  f..i  in  +lnsh  sensitivity  measure- 

meats  has  been  achieved  with  Test  bet  Mk  1<4  Mod  0.  An  earlj 
vision  of  this  equipment  is  described  in  reference  (5),  and  the  present 
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form  of  the  equipment  is  covered  in  reference  (7).  This  apparatus 
(fig.  9—/)  consists  of  a heavy  firing  chamber  into  which  the  sample 
detonator  may  be  sealed  along  with  a charge  of  stoichiometric  Hj—Ch 
gas  mixture  at  a known  initial  pressure.  The  explosive  gas  mixture  is 
ignited  by  a spark  plug;  if  theinifcia!  pressure  is  high  enough,  successful 
detonation  of  the  sample  is  obtained.  By  varying  the  initial  gas  pres- 
sure over  a range  of  values,  it  is  found  that  initiation  of  the  samples 
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Test  Set  Mk  174  Mod  0. 
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muv*  be  varied  from  0 percent  to  100  percent  along  a fairly  smooth 
curve.  This  ignition  of  the  detonator  by  the  gas  explosion  occurs  so 
rapidiv  that  the  sound  of  the  exploding  detonator  cannot  be  dis- 
tinguished from  the  sound  of  the  gas  explosion.  No  reliable  measure- 
ments of  the  net tial  time  lag  have  been  made  to  date. 

Test  Set  Mk  174  Mod  0 (fig.  0-8)  has  provided  much  interesting 
data  on  flash  detonator  sensitivity.  One  group  of  tests  on  Detonator 
Mk  29  demonstrated  the  pronounced  effects  of  lacquer  coatings  on  the 
flash  sensitive  end  (ref.  (8)),  as  well  as  the  extent  of  deterioration 
between  5-year-old  samples  as  compared  with  freshly  prepared  units. 
This  information  is  shown  in  figure.  9-9.  The  reproducibility  of  data 
obtained  on  this  apparatus  appears  to  be  satisfactory,  and  its  ability 
to  detect  changes  in  detonator  sensitivity  appears  to  be  excellent. 
As  originally  constructed  (ref.  (7)),  it  involved  some  safety  hazards, 
due  to  hangfires.  This  difficulty  has  now  been  eliminated  by  the  sub- 
stitution of  plastic  detonator  holders  for  the  original  copper  holders, 
which  reached  and  held  a high  temperature  long  after  the  gas  explo- 
sion. Designs  for  an  improved  test  set  are  being  prepared. 

initiators  of  Primary  Explosives  and!  Pyrotechnics  (Primers) 

Stab  primers.  Sensitivity  tests  for  stab  initiated  primers  are  ac- 
complished in  a fashion  identical  with  that  described  earlier  in  this 
section  under  Stab  detonators.  Test  Set  Mk  136  is  a typical  example 
of  test  apparatus  for  this  purpose.  As  in  the  stab  detonator  tests, 
either  the  Bruceton  or  Frankford  procedures  may  be  employed.  Also 
jus  in  the  case  of  stab  detonators,  it  is  found  that  Test  Set  Mst  173 
Mod  0 may  be  adapted  to  the  timing  of  the  filing  pin  penetration 
delay,  and  the  resulting  time  delay  data  may  be  used  as  additional 
sensitivity  criteria.  The  modification  required  in  Test  Set  Mk  173 
consists  of  a change  in  the  dimensions  of  the  ‘‘capacity  cup  (described 
under  Percussion  primers,  page  9-21)  to  suit  the  smaller  drop 
ball  generally  used  with  Test  Set  Mk  136.  A further  change  is 
called  for  in  the  design  of  the  “ionization-capacity''  stop  prone 
assembly  to  suit  the  different  arrangement  of  parts  in  Test  Set  Mk  136 
as  compared  with  Test  Set  Mk  135.  Some  typical  test  data  on  stab- 
i miner  delay  times  are  plotted  in  figure  9-10.  No  extensive  mvestiga- 
:ion  of  this  technique  has  been  undertaken  so  far  for  stab  primers,  nor 
have  thermocouple  measurements  been  employed. 

A British  report  (ref.  (10))  deals  with  efforts  to  minimize  the  Fene- 
ration delay  time  in  order  to  study  the  times  invoh  e m transmi  g 
the  explosion  a!or.~  the  length  of  the  primer  and  across  gaps,  ine 
apparatus  reported  is  claimed  to  reduce  the  time  demy  to  a few  micro 
'OccorVj  or  le^s. 


CONFIDENTIAL 


9-17 


■m 


. jjiaaagpfla 


IT* 


■ sssss 


2*0? 


A*w.  r«  • 

■"(*v  ' r r-ir. 


Ai<r  77-f  Mw/ 


confidential 


o 


■ -V .tt  ..  .*r 

Mi. 

/■ '. .% ; -v 


ORDNANCE  EXPLOSIVE  TRAIN  CONFIDENTIAL 

DESIGNERS'  HANDBOOK  f*.  SECURITY  INfORMAIT  * 


. tt- 


Some  experimental  work  hits  been  done  on  stab  primers  in  which  the 
firing  pin  is  made  an  integral  part  of  the  drop  ball  or  plummet  instead 
of  having  the  firing  pin  initially  at  rest  in  contact  with  the  stab  primer. 
The  results  of  these  tests  are  reported  in  reference  (66).  This  mode 
of  operation  differs  but  little  from  the  more  usual  drop-ball  method, 
and  is  seldom  used  because  of  the  greater  difficulty  in  obtaining  a 
central  impact  on  the  primer.  One  point  of  difference  does  exist, 
however,  and  should  he  mentioned  briefly  here.  When  the  firing  pin 
and  drop  ball  are  an  integral  assembly,  the  kinetic  energy  of  such  a 
plummet  should  always  he  fully  available  for  the  initiation  of  the 
primer.  This  is  not  necessarily  the  case  when  a separate  drop  ball 
falls  on  a stationary  firing  pin. 

For  example,  we  may  consider  a 20-gram  firing  pin  at  rest  on  top 
of  the  primer.  To  a first  approximation,  if  a 20-gram  drop  ball 
impinges  upon  this  firing  pin  the  drop  ball  would  be  brought  to  rest 
momentarily  and  the  firing  pin  would  start  to  penetrate  the  primer 
with  an  initial  velocity  equal  to  the  impact  velocity  of  the  drop  ball. 
The  drop  bail  probably  does  not  make  contact  with  the  firing  pin  again 
until  after  the  explosion.  If,  on  the  other  nand,  the  drop  bail  has  a 
mass  of  10  grams  and  strikes  a 20-gram  firing  pin.  it  might  be  expected 
to  rebound,  retaining  about  10  percent  of  its  kinetic  energy  while 
90  percent  is  delivered  to  the  firing  pin.  A similar  mismatch  appears 
possible  when  the  drop  bail  is  more  massive  than  the  firing  pin.  The 
available  experimental  data  (ref.  (66))  are  inconclusive,  but  if  this 
effect  can  be  shown  to  exist,  it  will  be  necessary  to  apply  corrections 
to  values  obtained  in  drop  bail  measurements  whenever  a change  in 
the  ratio  of  hall  to  firing  pin  mass  is  made. 

Percussion  primers.  Sensitivity  tests  for  percussion-initiated  fuze 
primers  are  usually  performed  upon  some  form  of  drop  ball  or  drop 
weight  apparatus.  A fairly  well  developed  form  of  this  equipment-  is 
exemplified  by  Test  Set  Mk  I3f>  for  percussion  primers.  Figure  9-11 
shows  the  principal  features  of  this  test  set,  and  reference  (12)  c-oni" 
prises  the  list  of  drawings  for  this  test  set.  As  in  the  case  of  lest  Set 
Mk  136,  there  has  been  no  report  published  specifically  pertaining  to 
Mu*  apparatus,  but  NAVOKD  OD  5S23  describes  the  installation  and 

operation  of  the  test  set.  . . . 

Figure  9-11  shows  thnt  Test  Set  Mk  135  is  essentially  si  ar 
Test  Set  Mk  136  previously  described,  except  for  the  lower  structure 
which  houses  the  sample.  In  Test  Set  Mk  135,  the  sample  primers 
•>re  mounted  in  individual  holders  which  are  inseite  into  appropna  e 


M,  i iv.  1 , J— fhor 

-‘‘cesses  in  a six-position  turntable,  i tie  hu n*w>w  * 7 er 
each  of  the  six  indeed  positions  brings  a pinner  (m  its  holder)  aircctl, 
neitrw  the  standard  firing  pin.  T hen  everything  is  in  rea  ness  10 
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firing,  the  firing  pin  i»  lowered  into  contact  with  the  center  of  the 
primer  cap .and the ^ droKbsU  by  disconnecting  power  from  the" 

release  magnet  The  height  from  the  top  of  the  firing  pin  to  tho  lower 
surface  of  thedrop  ball  may  be  adjusted  by  a jackscrcw  arrangement 
as  is  done  with  Test  Set  Mk  136.  Special  precautions  are  taken  in 
getting  up  the  equipment  to  assure  that  the  drop  ball  drops  squarely 
on  die  axis  of  the  firing  pin,  and  that  tho  firing  pin  rests  accurately  at 
the  center  of  the  primer  cup.  The  release  magnet  is  provided  with  a 
concave  pole  piece  to  locate  the  drop  accurately  over  the  firing  pin 
center. 

Test  Set  Mk  135  has.  been  operated  until  recently  on  either  the 
Bruceton  or  the  Frankford  firing  schedules,  which  ore  discussed  later 
in  this  section  under  General  Remarks  on  Sensitivity  Tests  (page  9-28.) 
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Tbc-  data  are  most  commonly  reported  in  terms  of  the  50  percent 
firing  point,  and  the  factor  a,  which  is  a measure  of  the  scatter  in 
the  data.  Many  of  the  data  in  the  section  on  percussion  primers 
have  been  recorded  in  this  fashion. 

More  recently,  the  completion  of  Test  Set  Mk  173  Mod  0 has 
made  possible  the  collection,  of  a greater  amount  of  information  per 
sample  expended  than  was  the  case  in  the  earlier  sequential  or  staircase 
tests.  Test  Set  Mk  173  utilizes  the  mechanical  structure  of  Test 
Get  Mk  135  but  also  includes  an  electronic  chronograph  and  appropri- 
ate fittings  to  permit  measurement  of  firing  delay  times.  Additional 
features  of  Test.  Set  Mk  173  for  comparative  heat  output  measurement 
are  described  on  pages  9-46  and  9-47.  Information  regarding  the 
electronic  circuits  of  Test  Set  Mk  173  is  given  in  reference  (13). 
Earlier  phases  of  the  development  of  Test  Set  Mk  173  are  described 
in  references  (14),  (15),  (16),  (17),  (18),  and  (19).^  A photograph  of 
the  completed  test  set  is  included  as  figure  9-12,  while  a block  diagram 
of  the  timing  equipment  is  presented  in  figure  9-13. 

The  principles  underlying  the  operation  of  Test  Set  Mk  173  Mod  0 
are  simple  and  straightforward.  An  electronic  timer  or  chronograph 
is  started  at  the  instant  the  drop  ball  strikes  the  firing  pin  and  is 
stopped  when  flame  issues  from  the  primer.  The  time  interval  so 
measured  is  made  up  of  three  portions,  namely  (a)  the  penetration 
time  of  the  firing  pin  from  drop  ball  impact  to  mixture  initiation,  (5) 
the  time  from  mixture  initiation  to  first  emission  of  reaction  products, 
and  (c)  the  flame  transit  time  from  primer  to  pickup  device.  The 
sum  of  intervals  (s)  and  ( b ) is  the  important  variable  for  the  purposes 
of  this  test,  whereas  the  flame  transit  time  is  approximately  constant 
for  a given  type  of  primer  and  explosive. 

To  a fairly  good  first  approximation,  the  energy  delivered  to  the 
explosive  mixture  in  a particular  typo  of  primer  must  be  proportional 
lo  the  depth  of  indentation  produced  by  the  firing  pin  as  a result  o* 
the  drop  ball  impact.  The  time  required  to  initiate  the  primer,  that 
is,  the  time  required  to  produce  sufficient  indentation  to^  deliver 
s hreshold  firing  energy  to  the.  explosive  mixture,  will  thus  be  o i unction 
'f  the  impact  velocity  of  tho  drop  ball  and,  therefore,  will  be  mng 
when  the  drop  ball  is  released  from  a small  height,  and  short  when  t e 
iron  ball  release  height  is  great. 
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Figure  9-13.  Block  Diagram  of  Timing  Equipment. 

Note  1.  The  fust  primer  h held  rigidly  in  a fixture  which  aho  ssrv«j  to  guide  and 
position  the  firing  pin  and  to  locate  the  ',capaeity-lonizaticn“  probes  relative  to  the 
pnmef. 

Note  2.  The  'r  capacity-ionisation”  probes  function  in  a dual  fashion.  For  explosives 
providing  no  Ions,  the  change  In  dielectric  constant  due  to  the  presence  of  reaction 
products  causes  a transient  change  of  capacity.  When  isr.s  are  delivered,  the  hn 
current  delivers  a transient  pulse. 

Note  3.  The  insulated  metal  ring  delivers  a pulse  when  the  drop  weight  discharges 
its  induced  charge  to  the  firing  pin. 

note  4.  The  pulse  amplifiers  and  chronograph  shown  separately  in  this  diagram  are 
combined  with  other  electronic  equipment  in  a single  unit  as  shown  at  the  left  in 

without  any  need  for  misfiring  half  of  the  sample  group,  as  must  be 
(lone  in  the  “staircase”  sensitivity  tests.  Some  typical  firing  time 
l urves  are  shown  in  figure  9-14  as  an  indication  of  the  performance 
(,i  Test  Set  Mk  173  when  used  with  percussion  primers. 

The  circuit  details  of  Test  Set  Mk  173  are  well  described  in  references 
13)  and  (14)  and  need  only  brief  mention  here.  The  instant  of  drop 
ball  impact  is  determined  by  an  ingenious  capacity-change  circuit 
vbich  is  simple  and  rugged  and  which  absorbs  no  energy  fiom  ™e 
' •op  ball.  The.  contact  of  the  drop  ball  with  the  grounded  firing  pin 
at  uses  an  abrupt  change  in  the  capacitance  to  ground  of  an  insulated 

«.  , • ' •!  _ !v—  **'y*  T'L  In  rtnnonif.V 

**p  surrounding  tne  upper  etui  or  me  niii-  -*-Uia 

bango  is  translated  into  a sharply  rising  voltage  pulse  which  is 
mpli fjod  m»d  utilized  to  start  the  electronic  timer.  An  inexpensive 
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test  X R^°^e^ser_t,yPe  electronic  timer  is  incorporated  in  the 

qnite  rit  to!?®"  “‘I  f.ountljr  coul(l  hc  employed 

is  delivered  Wh  3*!n  tlmer  “ ®topped  b-T  a Sharply  rising  pulse  which 

two  insulated  a"°W  "T****0*  betW=f 

ilamp  ic  , . ~«jaceUt,  ou  tne  pnmer.  in  some  cases  the 

cCee  in  ^eTr8  y.l°rZ0d'  and  h is  "“““T  to  rely  on  a slight 

the  hot  easM  CmTtI  7dbf  We“l  the  elGctrodra  occurs  when 

npxt  „j • , e,  le  (*clnc  Operation  of  the  electronic  equip- 

mdlhdr  nTrf^' “ T®  generating  circuits  has  proved  to  be  simple 
ana  tfteir  performance  has  been  reliable  to  date. 
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Another  device  for  the  investigation  of  percussion  primer  sensi- 
tivity is  the  Piezo-Electric  Impulse  Gage,  described  in  reference  (20), 
This  apparatus  permits  a laboratory  study  of  the  instantaneous  firing 
pin  force  as  a function  of  time.  The  variation  in  firing  pin  force 
from  impact  to  explosion  is  displayed  on  the  screen  of  a cathode  ray 
oscillograph,  ami  may  be  photographed  if  desired.  The  measure- 
ment of  tiring  pin  force  is  accomplished  by  the  use  of  a composite 
firing  pin-drop  weight  assembly  which  includes  s piezo-electric  crystal 
(quartz  or  tourmaline)  so  placed  that  it  responds  to  the  force  acting 
on  the  firing  pin.  The  measurement  of  force  as  a function  of  time 
does  not  fully  specify  the  energy  input  to  the  primer,  but  only  the 
impulse  or  momentum  delivered;  consequently,  the  device  by  itself 
does  not  provide  a complete  sensitivity  test.  Equipment  to  provide 
not  onlv  a force-time  curve  but  a simultaneous  displacement-time 
curve  is  currently  being  considered,  but  it  is  expected  that  wire  strain 
gage  techniques  will  be  substituted  for  the  piezo-electric  method 
described  in  reference  (20). 

Electric  primers.  Sensitivity  tests  for  electric  primers  are  con- 
ducted in  the  same  fashion  as  sensitivity  tests  for  electric  detonators, 
and  essentially  the  same  apparatus  is  employed.  See  an  earlier  topic 
in  this  section  entitled  Electric  detonators.  Firing  may  be  by  con- 
denser discharge,  constant  current,  or  constant  voltage  methods, 
using  “staircase”  or  “rundown”  test  schedules  “Square  pulse 
modifications  of  the  constant  current  and  constant  voltage  methods 
have  also  been  applied  in  some  test  programs;  in  these  methods  instea 
of  abruptly  applying  a steady  current  or  voltage  and ^maintaining  ’ 
until  firing  occurs  or  until  some  long  period  has  passed  (20-a0  seconds;, 
the  current  is  abruptly  implied  and  maintained  at  a constant  va.ue 
for  a definite  short  interval  and  then  removed.  The  duration  of 
application  may  he  adjusted  from  a few  milliseconds  to  some  hundreds 

of  milliseconds  bv  suitable  circuit  design.  . 

It  has  been  found  possible  in  some  electric  primer  typccomponem 
to  measure  the  firing  delay  time  under  constant  ourren,  conm.mn 

an  additional  source  of  sensitivity  data.  Tne ntors 
apparatus  described  earlier  in  this  section  under  ee  rie  e 
.eludes  facilities  for  measuring  this  initiation  do  ay  i^e  " _ „ 

-red.  It  also  might  bo  mentioned  at  this  point. « W 

■ 3 Mod  0 also  embodies  suitable  electronic  circuits 

..  cut,  although  an  auxiliary  firing  energy  source  n-ould  Useto  bo 

ovideu.  The  use  ,.£  adjustable  length  constant  current  P«T£“ 
i,  ..  .iit  1*  • proximo  to  initiation  delaj  timts. 

. ; r>rnsi  f IV.I  mothmi  Ffkr  rthi.Hiuulii  n lj.,1  ..iaiuk*  * _ 

" ini  dor  able  t estl  iv  ork  of  this  general  nature  has  been  Vi  Xt 

■ (orellcos  (21).  (22),  (23),  (2d),  and  (25)  m this  connection.  Refer 
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ence  ‘(26)  discribeslan  electronic  counter  type  chronograph  which 
Might  serve  for  sucli/ measurements  of  initiation  delay  time,  although 
the  timers  oirefences  (17)  and  (IS)  are  less  expensive  and  entirely 
adequate  for  the  purpose. 

vvherc  more  elaborate  measurements  of  electric  primer  sensitivity 
are  desired,  it  is  feasible  to  measure  simultaneously  the  current 
through  the  primer  and  the  applied  voltage  across  the  primer  termi- 
nals, both  as  a function  of  time  up  to  initiation.  This  calls  for  oscillo- 
graphic recording  techniques  and  is  a rather  laborious  process,  but 
it  should  permit  an  accurate  estimate  of  tho  energy  threshold  of 
each  primer  tested.  The  change  in  bridge  wire  resistance  during  the 
period  of  current  flow  necessitates  the  duo]  measure* onf  of  current 
and  voltage  if  good  results  are  to  be  obtained,  although  it  is  some- 
times possible  to  judge  from  the  slope  of  a single  curve  the  extent 
of  the  resistance  change.  See  reference  (27)  in  this  connection. 

The  piece  of  equipment  known  as  Test  Set  Mk  152  Mod  0 has 
been  standardized  for  sensitivity  testing  of  electric  primers  such  as 
the  Mk  114.  This  equipment  (ref.  (28))  provides  a simple  production 
test  and  involves  the  use  of  a standard  capacity  in  a condenser  dis- 
charge circuit  of  known  constants. 


General  Remarks  on  Sensitivity  Tests 

Sensitivity  tests  arer  usually  performed  for  one  or  more  of  the  follow  - 
ing purposes:  (a)  to  determine  the  energy  the  preceding  firing  train 
component  must  deliver  to  insure  that  the  train  docs  not  fail,  ( b ) to 
measure  the  extent  of  variations  in  manufacture  for  quality  control 
and  specification  purposes,  and  (c)  to  measure  the  deterioration 
resulting  from  storage  under  various  conditions.  In  a critical  firing 
train  design,  it  would  be  necessary  to  consider  both  (a)  and  (c)  to 
assure  proper  functioning  after  storage. 

measurement  of  sensitivity,  it  is  desired  that  the  tests  afford 
the  maximum  certainty  for  the  fewest  samples  expended,  regardless 
of  the  purpose  of  the  test  (although  the  test  purpose  may  determine 
the  maximum  sample  size  which  may  be  economically  used).  A 
considerable  amount  of  statistical  investigation  has  been  devoted 
to  the  problem  of  test  procedures  for  economical  sensitivity  testing. 
The  design  of  experimental  procedures  has  been  covered  in  references 
(29),  (30),  (31),  (32),  (33),  (34),  (35),  (36),  and  (37) 

The  main  limitation  in  explosive  component  testing  has  been  tho 
that  only  one  trial  may  be  made  upon  each  sample.  A misfired 
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sample  is  generally  sufficiently  damaged  to  render  a second  test 
unreliable,  arm,  of  course,  a fired  sample  is  completely  destroyed. 
This  situation  differs  from  that  in  many  other  fields  of  study,  Fo? 
example,  if  it  is  desired  to  measure  the  heights  or  weights  of  all  the 
school  children  in  n given  district,  it  is  possible  with  ruler  or  tape  or 
scales  to  obtain  a height  or  weight  figure  for  each  individual  child 
and  then  to  tabulate  the  number  for  percent,  of  the  total  number) 
having  heights  in  each  of  a series  of  different  height  ranges.  Such 
measurements  lend  themselves  to  rather  simple  and  straightforward 
statistical  analysis.  On  the  other  hand,  in  the  case  of  explosive  com- 
ponents it  is  difficult  to  determine  directly  the  threshold  firing  energy 
of  each  sample  as  one  would  the.  height  of  each  school  child.  In  the 
drop  weight  test  apparatus  or  the  condenser  discharge  equipment, 
each,  trial  involves  delivering  a known  amount  of  energy  to  the 
sample,  If  the  sample  fails,  the  older  drop  test  methods  afford  no 
clue  as  to  whether  the  sample  failed  by  a large  or  a small  margin, 
and,  similarly,  when  a sample  fires  there  is  no  clue  as  to  whether  the 
sample  just  barely  fired  or  whether  it  might  have  fired  with  half 
the  energy  applied.  This  would  correspond,  in  the  foregoing  example, 
to  choosing  a height  before  seeing  the  individual  child  and  then 
recording  only'  whether  the  child  was  taller  or  shorter  than  the  pre- 
selected height.  The  statistical  problem  is  that  of  pre-sciecting  the 
heights  according  to  the  best  schedule  so  that  the  taller-shorter 
judgments  have  the  most  significance. 

One  of  the  more  widely  used  approaches  to  this  problem  is  the 
"staircase”  method.  In  the  Bruceton  test,  which  is  typical  of  the 
staircase  method,  flic  severity  of  each  successive  test  is  determined 
by  the  success  or  failure  of  the  preceding  test.  In  starting  the  test, 
an  effort  is  made  to  make  the  first  drop  somewhere  in  the  vicinity  of 
the  expected  50  percent  firing  height.  If  a failure  occurs  on  the  first 
drop,  the  next  sample  is  tested  at  one  unit  greater  height  and  if  the 
first  drop  is  a fire,  the  second  sample  is  tested  one  unit  lower.  The 
t<"U  continues  in  this  fashion,  height  increasing  after  a failure  and 
<1  "Teasing  after  a fire,  until  all  the  samples  have  been  tested.  The 
u -nal  minimum  number  of  samples  is  50.  The  increment  of  heig  t 
d ignated  os  one  unit  is  usually  H inch  or  1 inch,  depending  upon  t e 
c 'acted  standard  deviation  (V)  of  the  lot,  it  being  desired  to  / 

» ■ -tops. of  about  K to  1 times  <r.  Calculation  of  the  50  percent  neight 
p then  performed  according  to  a simple  routine. 

deference  (29)  describes  some  seven  varieties  of  staircase  tea* 

]i  * 1 1 * ,1  i „ ..  rof  A3  flirvCO  BrCCOT’ning 

; '■  vuujCS,  2riC*UU.mg  MIC  ly  , 1 

t various  considerations.  The  Bruceton  tost  anords  a tairy  poo 
< "mate  of  the  10  percent,  50  percent,  and  90  percent  firing  points 

ONFiDENThAL  9-29 


ORDNANCE  EXPLOSIVE  TRAIN 
DESIGNERS'  HANDBOOK 


CONFIDENTIAL 

QFC:  IBfTY  IKIFr’IOi^  atiau 

* » *•  wnr*ir\  | ly^rv 


for  minimum  trials,  but  depends  heavily  on  the  assumption  that 
the  sample  sensitivity  follows  a normal  distribution  about  the  median 
firing  height.  Alternate  tests  are  listed  which  are  less  dependent 
l-oh- normal  distribution.  None  of  these  tests,  however,  will  reveal 
the  presence  of  complete  duds. 

Reference  (30)  extends  the  analysis  of  staircase  methods  to  samples 
having  other  than  normal  distribution.  Reference  (31)  describes 
the  precise  procedures  involved  in  Bruceton  tests,  with  sample  data 
sheets  and  typical  calculations  for  the  50  percent  point,  <r,  10  percent 
point  and  90  percent  point. 

Where  large  samples  are  available,  the  Frankford  "rundown’’ 
procedure  affords  perhaps  the  simplest  method  of  all.  This  requires 
that  a fixed  number  of  trials  be  made  at  each  of  a succession  of  drop 
heights  which  span  the  range  from  no-fire  to  all-fire.  The  percentage 
firing  at  each  height  may  then  be  plotted  as  a function  of  height,  and 
the  height  for  any  desired  percentage  of  firing  may  then  be  obtained 
by  interpolation.  Some  preliminary  information  as  to  the  approxi- 
mate no-fire  and  all-fire  heights  is  necessary  in  order  to  proper)? 
space  the  various  height  levels,  but  this  may  be  readily  obtained  from 
a Bruceton  run  or  from  prior  experience.  Reference  (37)  describes 
the  Frankford  procedure  in  detail  and  indicates  the  appropriate 
methods  for  interpreting  the  test  data.  In  general,  a satisfactory 
Frankford  run-down  requires  25  to  50  samples  at  each  of  at  least  5 
heights,  or  a minimum  of  about  125  to  250  samples  in  all. 

^In  both  the  Bruceton  and  the  Frankford  tests,  it  is  usual  to  report 
a,  tne  median  or  50  percent  firing  height,  and  a,  the  standard  devia- 
tmn.  in  the  Frankford  acceptance  tests,  acceptance  has  been  based 
on  a sliding  scale  for  X wherein  a wider  range  of  X tolerance  is  per- 
mitted when  <r  is  small,  and  vice  versa. 

It  is  loped  that  eventually  the  firing  delay  measurements  afforded 

a • If  173. wil  permit  test  firi"g  to  bo  run  at  the  all-firo 

ei^  > ereby  obtaining  specific  numerical  information  upon  each 
sample  expended  instead  of  the  50  percent  misfires  situation  which  is 
erent  in  the  Bruceton  and  Frankford  statistical  procedures.  The 
accumulation  of  suitable  experience  and  appropriate  methods  for 
handling  the  i&3t  data  is . manly  a matter  of  time. 

Section  St. — Output  Tests 

The  output  tests  described  in  this  section  are  much  more  varied. in 
_ ,e^  ,a?^ complexity  than  are  the  input  tests  of  the  Drecedinc 

: ni5  difference  may  be  attributed  to  the  fact  that  the  output 
a bring  tram  component  may  be  required  to  produce  a wide  variety 
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0f  effects'  to  detonate  a lead  or  booster  by  shock;  to  do  mechanical 
work  in  driving  a firing  pin,  io  initiate  a detonator  by  shock,  flame,  or 
hot  particles;  to  ignite  o delay  by  flame  and  hot  particles;  or  to  lock  a 
train  in  the  ranged  position  by  moving  detents  or  expanding  con- 
fining walls. 

if  is  pointed  out  that  output  testing  is  fundamentally  simple  and 
* direct,  since  an  evaluation  number  is  usually  obtained  on  each  sample. 
This  is  in  contrast  to  most  input  tests  where  the  information  is  of  the 
less  valuable  %■>:<,  no-go"  variety. 

Initiators  ef  Explosives  (Detonators  and  Leads) 

Output  tests  for  detonator  type  components  are  generally  based  on 
an  attempt  to  measure  the  hrisanoe  or  the  peak  pressure  of  the  shock 
wave.  The  common  tests  for  detonators  are  practically  ail  applicable 
to  each  of  the  tW.ee  main  varieties,  namely,  stab  detonators,  electric 
detonators,  ami  flash  detonators.  However,  for  some  of  the  tests, 
considerable  ingenuity  may  bo  required  to  accomplish  the  desired 
adaptation. 

Stab  detonator*.  Stab  initiated  detonators  may  be  tested  for  out- 
put bv  means  of  Test  Set  Nik  536.  mentioned  in  the  preceding  section 
(page  9-4).  This  test  is  accomplished  by  the  use  of  standardized 
lead  disks  which  are  mounted  below'  the  sample  detonator,  the 
plastic  detonator  holder,  shown  in  figure  9-15,  serves  as  a combi- 
nation firing  pin  guide,  detonator  mount,  and  lead  disk  mount;  tne 
entire  assembly  is  mounted  on  the  anvil  of  Test  Set  Mk  136.  Deto- 
nation of  the  sample  causes  perforation  of  the  lead  disk  with  an 
irregular  hole  which  has  an  area  more  or  less  proportional  to  the  bri- 
sanee  of  the  detonator.  Tin*  area  of  the  hole  may  be  measured  by  use 
of  a shadowgraph  apparatus  or  by  some  simple  photocell  equipment 
such  as  that  described  in  reference  (3S).  Some  typical  lead  disk 
measurements  arc  reported  on  pages  4-13  and  4-14.  Lead  disk 
tests  are  seldom  applied  to  electric  or  flash  detonators  unless  a par 
tinilar  test  set-up  permits  ready  mounting  of  the  lead  disk. 

Electric  detonators.  Electrically  initiated  detonators  may  e 
5 ■•ted  bv  copper  block  or  bent  nail  methods  for  rough  comparisons 
in  the  field.  These  tests  are  seldom  used  for  stab  or  flash  detonators 
“*s  specifically  called  for.  The  bent  nail  test  is  desen  e ^ m 
r -rence  (39)  Ordinary  wire  nails  of  specified  size  are  attached  to 
side  of  the  sample  detonators  by  tape  or  by  wiring  in  p ace.  e 
l'!  mator  is  fired  and  it  bends  the  nail  into  a lorn},  the  snarpness 
(.  it, a u.  l-  •„  . »_i.  nt  iKa  ct.roncrjh  of  the  aetonatOi. 

>»uiu  i«;mK  tv»  «*.  lut.wvii  v — - - — _ 

1 s simple  and  unsophisticated  test  has  long  oeen  useo. 

" -'da  very  little  quantitative  information. 
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Figure  9-15.  Detail  of  Lead  Disk  Mounting  Below  Detonator  in  Plastic 

v-.f:;  ■ ' Holder. 


The  copper  block  test  is  comparable  to  the  bent  nail  test  in  sim- 
plicity. In  this  test,  the  detonator  is  fitted  snugly  into  a drilled  axial 
hole  at  the  center  of  a copper  cylinder  or  block.  The  outer  diameter 
of  the  cylinder  is  measured  accurately  before  detonation  and  again 
after  detonation.  The  detonator  explosion  expands  the  block  by  a 
readily  measured  amount,  and  the  magnitude  of  this  enlargement  i.s 
taken  as  a measure  of  the  detonator  output.  Some  typical  copper 
utoch:  test  results  on  flash  detonators  are  recorded  on  page  4-7  under 
Output  and  in  reference  (41).  This  test,  like  the  lead  disk  test,  is 
based  on  the  permanent  deformation  of  a soft  material  and  may  or 
may  not  be  a linear  measure  of  detonator  output. 

Electric  detonators  are  more  frequently  tested  in  tho  '’sand  bomb” 
apparatus.  Flash  and  stab  initiated  detonators  may  also  bo  tested 
in  the  sand  bomb  if  appropriate  initiating  devices  are" provided.  The 
sand  bomb  consists  of  a rugged  chamber  which  may  be  loaded  with  i: 
y ^ hu mm  saria  pacKea  firmly  around  the  sample* 

detonator.  The  original  granulation  of  the  sand  is  determined  before 
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ihe  test  by  sifting  out  nil  particle  which  pass  a 20-mesh  screen  and 
ail  which  Are  retained  on  a 30-mesh  screen.  After  the.  detonation, 
the  sand  is  -sifted  again  to  determine  the  percent  crushed  enough  to 
pass  the  30-mesh  screen.  Thus,  the  original  granulation  is  all  larger 
than  30  mesh,  but  after  detonation  a measurable  portion  is  crushed 
enough  to  pass  through  the  30-mesh  screen.  In  general,  it  is  found 
that  the  percent  of  sand  crushed  is  a linear  function  of  detonator 
strength  so  long  as  the  crushing  does  not  exceed  20  percent  of  the 
tot  a!  sand  charge.  Sand  bombs  of  various  capacities  are  built  to 
cover  the  range  of  detonator  strengths  usually  encountered  without 
operating  ir.  the  non-linear  range.  Capacities  of  100.  200,  400,  and 
500  grams  are  standard.  References  (39)  and  (40)  describe  these 
tests  in  greater  detail.  Typical  sand  bomb  test  results  are  recorded 
in  references  (41)  and  (42)  as  well  as  on  page  3-53. 

Reference  (42)  points  out  a tendency  for  the  test  results  to  be 
dependent  upon  temperature.  Otherwise,  the  sand  bomb  test 
appears  to  In*  fairly  reliable  but  exceedingly  time  consuming. 

F»aah  detonators.  No  tests  specifically  intended  lor  flash  detonator 
output  measurement  have  been  developed.  The  general  detonator 
tests  described  in  paragraphs  immediately  following  are  applicable  to 
flash  detonators  where  suitable  initiation  can  be  provided. 

Hicent  detonator  tests.  A number  of  detonator  output  tests  have 
been  developed  in  recent  years  to  afford  better  quantitative  data  than 
may  be  obtained  by  the  tests  described  earlier.  These  more  recent 
tests  include  (a)  the  Hopkinson  Bar,  (b)  the  Stauchapparat,  (c)  Gap 
Tests  and  (rf)  Insensitive  Explosive  Tests.  Of  these,  perhaps  the 
most  promising  is  the  Hopkinson  Bar. 

The  Hopkinson  Bar  test  for  detonator  output  has  been  copiously 
described  in  postwar  reports.  Reference  (43)  describes  the  form  of 
this  equipment  which  was  used  in  England  during  vYorld  T\ar  II. 
Reference  (44)  is  an  analysis  of  the  performance  of  the  Hopkinson 
Bar  when  used  with  electrical  auxiliary  equipment  described  rater. 
Reference  (45)  describes  an  application  to  underwater  explosions,  but 
is  of  interest,  for  its  illustration  of  typical  test  results.  References 
and  (47)  describe  recent  experimental  work  on  modifications  o 

Hopkinson  Bar.  , 

lie  Hopkinson  Bar  measures  the  peak  pressure  applies  to  e en 
steei  bar  by  the  explosion  of  a detonator  adjacent  to  t e ar 
In  general,  when  a detonator  is  fired  adjacent  to  tn  en  o 
<•!  bar,  u compression  wave  results  from  the  sudden  app  tea  ion 
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of  the  applied  pressure.  This  compression  or  longitudinal  u ..  vc 
p i&. teansimtted  along  the  bar  at  approximately  the  velocity  of  sound  in 
\ sf^I  (I8.000ift/s9c)  and  arrives  in  a few  microseconds  at  the  remote 
| end  of  the  bar.  Such  a wave  is  normally  reflected  from,  the  free  pnd 
rwefaCtion  which  returns  back  along  the  bar 
toward  the  detonator  esd  In  the  Hopkinson  Bar  Test  apparatus, 
this  process  is  disturbed  by  the  introduction  of  a discontinuity  in  the 
bar  a short  distance  from  the  free  end.  In  other  words,  the  pressure 
bar  is  made  up  of  two  sections;  a long  section  which  is  the  main 
pressure  bar,  and  a short  section  which  is  the  “timepiece*'*.  The 
timepiece  has  one  finely  ground  and  polished  surface  which  may  be 
vrrung  into  contact  with  an  equally  finished  surface  at  the  end  of  the 
main  pressure  bar.  The  timepiece  is  thus  held  in  place  by  the  surface 
forces  as  is  the  case  with  Johannsen  gauge  blocks.  This  cleavage 
v plane  does  not  interfere  with  the  propagation  of  the  original  compres- 
sion wave.  However*  when  the  wave  is  reflected  from  che  HvS  end 
of  the  timepiece  as  a tension  wave,  the  surface  forcos  are  wholly 
•pauificient  to  transmit  the  tension  across  the  cleavage  plane,  and 
hence  a portion  cf  the  wave  is  trapped  in  the  timepiece.  By  choosing 
the  proper  length  of  timepiece  relative  to  the  wave  length  of  the  com- 
pression wave,  the  timepiece  is  caused  to  trap  an  amount  of  energy 
I proportional  to  the  peak  pressure  of  the  wave.  The  time- 
piece  separates, from  the  pressure  bar  with  a velocity  which  is  a measure 
PCa^. pressure,,  and  this  velocity  is  determined  by  receiving  the 
timepiece  m a ballistic  pendulum. 

The  foregoing  description  relates  to  the  form  of  the  equipment 
covered  in  reference  (43).  This  practice  has  been  modified  to  measure 
the  velocity  of  the  timepiece  directly  by  means  of  an  electronic  counter- 
chronograph.  This  equipment  is  show;,  in  figures  P-16,  0-17.  and 
9-18.  Figure  9-16  show’s  the  ballistic  pendulum  form  of  the  equip- 
ment usmg  a tapered  pressure  bar.  Figure  9-17  shews  the  correspond- 
ing cylindrical  pressure  bar,  and  figure  9-18  shows  the  adaptation  to 

electronic  velocity  measurement. 

Early  in  the  development  of  the  Hopkinson  Bar  for  fuze  detonators, 
it  was  found  that  no  engineering  material  was  suitable  for  use  in  direct 
wntact  with  the  detonator.  Calculated  detonation  primes  are  of 
order  of  one  miUion  pounds  per  square  inch,  and  no  known  metal 
such  a pressure  nor  deform  linearly  in  this  range 
1C  (non-linear)  deformation  of  the  pressure  bar  material  would 
not  only  damage  the  bar  but  also  give  an  erroneous  deflection  of  fcL- 

ballistic  pendulum.  Two  possible  slo™oti„n,  / 

damage  to  the  bar.  * ~ — * ««  — - 
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figure  9-18.  Hopkimon  Pressure  Bar  Modified  for  Direct  Velocity 

Measurement  on  Timepiece. 

The  first  is  the  method  used  in  the  Br^-sh  :«odsis,  vhich  involves 
interposing  a standardized  pellet  of  refractory  material  between  the 
etonator  snd  the  bar.  The  standard  pellet  of  inixou  asbestos  and. 
magnesia  attenuates  the  pressure  at  the  end  of  the  bar  to  a value 
ow  enop^ ibr  a linear  bar  response.  This  pressure  might  be  of  the 
order  of  2°°, 000  psi.  It  is  c-ident  that  the  amount  of  attenuation 
C 11  2';Pres8uj,e  wave  wui  depend  greatly  on  the  characteristics  of  the 

, „Tne  8cco”d  met,hod  is  to  simply  space  the  detonator  a known  <fe 
•anu!  away  from  the  surface  of  the  bar  and  to  depend  upon  the  normal 

X preS8Ure  With  dLttanc'’-  'I’Ws  method  1ms  the  advan- 
“®"  V theiPrcffur<!  « attenuated  in  a reproducible  fashion  but  is 
pm^the  objeebon  that  it  affords  no  protection  from  high  velocity 

ereneo  u t\  ' ,e  --e j0nat°f  easing.  Tile  equipment  described  in  ref- 

-.it  f Vm^y  e use^  Ci^er  with  air  gaps  or  with  cheap  spacing 
yeuets  of  piastic  or  resm. 

i„XthnbSOl,Ute  T*”1™  pros8ure  «t  the  detonator  cannot  be 
HoDktro„bB  0^3'  a ,rs«‘I™  of  «»  pressure,  it  appears  that  the 
fise^n  ?w  18  m08t  rehable  as  “ <:oraP»risou  instrument  as  far  ns 
ar0  TOnfraad-  On  a comparative  basis  oniv,  its  ns- 

troi  insin,mynd.e8‘?lar'ed  p,ro<Iuoc  “ rJe*cd  and  reliable  qi.  utfitv  con 
S ”*..***  fini,shcd  timepiece  may  be  discarded,  n 

assemble  m « v t ' ^ o,ldiIftic  Penouhirn,  and  a sturdy  rigid  pendulur 
sembl..  may  be  substituted.  A steel  sphere  resting  lightly  ngains 
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end  4 the  pressure  bar  server  as  both  timepiece  e^u^pendaSam. 
TJ-.e  large  I*ara  of  the  British  design  may  be  discarded  X&d  a short 
steel  or  stellite  bar  of  K to  % inch  diamet  er  may  be  used.  This  modi- 
fication leads  to  the  design  shown  in  figures  Si- 19  and  T-20  which 
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Figure  9-20.  Experimental  Model  of  Simplified  Hopkim&n  Bar,  Spherical 
Pendulum  Sob  Driven  Directly  by  Bar. 

has  proved  quite  reliable  and  reproducible  as  a quail  y control  device. 

The  Hopkinson  Bar  has  sometimes  been  used  with  electrical  strain 
measuring  equipment  to  measure  the  actual  instantaneous  compression 
in  the  pressure  bar  material.  The  discussion  in  .reference  (44)  is 
largely  concerned  with  the  electrical  Hopkinson  Bar  and  its  probable 
errors,  with  particular  reference  to  capacitive  strain  measuring 
devices.  The  opacity  strain  gauge  has  been  applied  in  several 
British  pressure  bar  designs  and  has  been  used  in  several  forms.  In 
one  case,  the  measuring  capacitance  is  that  between  the  end  of  the. 
pressure  bar  and  a fixed  insulated  plato  spaced  a Jew  thousandths 
of  an  inch  from  the  fiat  end  of  the  bar.  In  another  version,  the  measur- 
ing capacitance  is  between  the  cylindrical  surface  near  the  end  of 
the  bar  and  an  insulated  cylindrical  electrode  concentric  with  the  bar 
and  extending  beyond  the  free  end  of  the  bar. 

In  the  first  case,  the  change  of  capacity  when  the  end  of  the  bar 
moves  toward  the  fixed  plate  is  a measure  of  the  compressive  strum 
in  t-ne  bar;  whin;  m (he  second  the  bar  moves  further  into  the 
cylmam-J  condenser,  thereby  increasing  the  effective  plate  area 
rather  than  changing  the  plate  spacing.  In  both  cases,  the  change  in 
capacitance  generates  a signal  voltage  which  may  bo  photographed  on 
the  screen  of  a cathode  rav  oscillograph.  Because  of  a complicate  ! 
phenomenon  iroQUbncv  dispersion  in  t.lw»  }»«*»  fiyp  **•£■**<*]«  ' 

by  the  capacitive  strain  gauges  are  only  reliable  when  the  bar  is  sho- 
and  small  in  diameter  relative  to  the  length  of  the  compression  wav 
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fact  that  roeasi  *»v,ent  h mad  ,'  o.  yypfe/ot  sj«»-  it  illation  of  » seron  r’  %} 
explosive  com>>-JWUlf  and  tliu.**  the  :>  he  measurement  is 

eompk’teiy  dc^Oifu??.?.  y^sy ih:4:pK~^n^ >;v  ?on*tant  sensitivity. . 
r.vcl  for  the  Hbtfig  a constant  sensi-  '• 

tvritv  for  the  -.icrtsep^^Sir . i£ .-U  to.  there  would 
less  pwkI  fo.\v  tJ«  vanoi’a*  • >*~st  -*y~> 

chf'.pter.  n^ever, 
men*  has  the  appeal-- 
degree,  and  hence  the  used. 

The  ioscniuitvo  «9t»*o»'^C fc&t  5*:o*fra;>|ts.f*c  oldest  of  ♦•he  t-hi 
Iu  7-his  test,  the  detoMkhf.orl  against- & block  of  explqsy 

wn'eb  presumably  has  a.,. ep.;^y^gvyy;  iemstivity.  The  ,rccV%>f 
expletive  is  a loUiw  of  TNTv^iW  iron  «x}4e,  And  the 
proportion  of  iron  /.vb;!e  la  tLy  ir.  «*ure  thp  ^ss  he  sc»'i 

running  the  tout  .. * w’flrt ii&yfrbiUy  wo^dybe  _ 
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Gap  tests  hav^Csape  'Vial  i^';ms»hince'io  ‘he  in;  -us;  -o 
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the  acceptor  exf^sivc  is  iW'V, 
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diameter.  These  'tttf&liom  ;*f  ’ -cOP.fi 

V V£.  • .'  ( 
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yf>:,er  Wwk  b which  the  acceptor  is  mounted,  1 

* ! :e  residues  on  the  copper  block,  or  by  dire 

• '*  uotonation  velocity  in  the  acceptor.  Keforon* 
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function  of  the  strength  of  Che  initialing  detonator;  therefore' the 

original  purpose  of  the  equipment  has  been  discarded.  » stan^rd-^ 
acceptor  explosive  chosen,  and  the  device  developed  as 
test  for  fuze  detonators.  Reference  (4ft)  recounts  the  story  of  the 
Stsuchapparat  development  and  tabulates  considerable  test  da* 
wherein  the  performance  of  the  Hopkinson  Bar  and  the  Stauchappamt 
are  compared.  The  present  form  of  the  Stauchapparat  is  shown  in 
figures  9-21  and  9-22,  which  indicate  that  the  principal  components 
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of  tn?|deyice  are  {a)  an  anvil  upon  which  rest  (6)  three  copper  hails 
of  known  harness  and  diameter,  (c)  a piston  which  rests  on  top  of  the 
copper, balls  and  transmits  ths  impulse  of  the  uApiOsioii  u.»  the  bails 
(d)  a Ending  cylinder  stoTounding  the  piston,  and  («)  a protective  cap 
ai  the  top. of  the  piston  to  resist  damage  to  this  pjatoa  by  the  explosion 
of  the  16  gram  TNT  pellet  which  is  the  standard  acceptor  explosive 
in  this  device.  The  cxolosion  of  the  TNT  pellet  causes  the  copper 
balls  to  be  deformed,  and  this  deformation  is  taker*  as  a measure 
of  the  completeness  of  detonation  of  the  TNT  pellet,  which  in  turn 
is  a measure  of  the  output  of  the  sample  detonator.  This  device 
gives  results  that  check  qualitatively  with  BbpHmon,  Bar  and  sand 
bomb  measurements  and  hence  would  serve  as  a fairly  satisfactory 
field  test  instrument.  For  work  in  the  field,  this  equipment  has 
the  advantage  that  it  requires  no  external  sources  of  power  except 
that  required  to  initiate  the  detonator.  For  laboratory  use,  the 
Suuchapparat  suffers  the  disadvantage  that  appropriate  barricades 
must  be  provided  to  protect  personnel  from  the  exolosion  of  the 
16  gram  TNT  charge. 

Other  tests  for  detonator  output  have  been  investigated  in  the  past 
but  are  seldom  used  now.  New  types  of  tests  arc  still  under  develop- 
ment, such  as  improved  gap  tests  and  measurements  of  detonation 
velocity  at  varr.  is  points  along  the  detonator,  or  measurement  of 
line  radiation  froA  inert  gases  when  subjected  to  detonation  pressures. 

Initiators  of  Primary  Explosives  and  Pyrotechnics  (Primers) 

Stab  primers.  The  output  of  stab  initiated  primers  may  be  measured 

by  the  lead  disk  test  described  in  connection  with  Test  Set  Mk  13G 

■ on  p&gc  0-31.  ...  . 

Howe  vex,  the  brisance  of  stab  primers  is  generally  quite  low,  and 
it  is  not  usual  for  the  lead  ebsk  to  be  perforated.  It-  is,  therefore, 
necessary  to  measure  the  indentation  made  in  the  lead  disk  rather 

' than  *he  are&  cf  the  Some  typical  lead  disk  indentation 

measurements  are  reported  on  pages  3-3  and  3-9. 

Stab  primers  may  also  be  tested  in  Test  Set  Mk  175,  the  **G«s 

( zt\ \ ‘ me^ and x ^ U lse  Apparatus.”  which  is  described  in  references 
ana  \in,  and  shown  in  figure  9-23. 

Test  Set  Mk  175  consists  principally  of  (a)  a mercury  .reservoir, 

[0)  ftTl  pprilllomr  fi.lxA  _1  /4\  . _ r*  » « , W9T* 

nrlrviAt.  V*/  **  UiUlg  CCUUUOCr.  TV  jiCil  -L 

™!L,S-frel  lVhls  tef  sct‘  the hot ..-oaction  products  build  up 
1 . e„  firmg  chamber.  This  pressure  is  communicate  - 
u.ppei  suriace  ot  the  merciirv  in  the  rpeervAr  r, nP  ih'^c  Sn  fwi 
causes  a column  of  mercury  to  rise  in  the  capillary  tube.  Th 
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mercury  column; rises  momentarily  to  a considerable  height  in  the 
tube  and  then  settles  down  to  a sustained  height.  By  eompariso.n 
with  a graduated  scale  back  of  the  capillary  tube,  both  the  maximum 
and  ihe  steady  deflections  of  the  mercury  column  are  measured- 
« the  first  being  recorded  as  the  primer  “Impulse”  and  the  latter  a a th- 
“cold  gas  volume.” 

While  Test  Set  Mk  175  may  be  so  calibrated  that  the  actual  gas 
volume  corresponding  to  the  change  in  mercury  column  height  can 
be  computed,  this  is  not  essential  W'hen  the  apparatus  is  used  as  n 
comparison  device.  It  has  been  found  that  the  cold  gas  volume  as 
computed  from  measured  column  heights  is  in  good  agreement  with 
calculated  volumes  of  reaction  products  at  corresponding  tempera- 
tures and  pressures,  so  the  apparatus  is  at  ieast  as  accurate  as  the 
assumptions  involved  in  computing  the  volume  of  reaction  products. 
Wnen  primers  of  different  explosive  composition  are  to  be  tested,  the 
gas  volume  and  impulse  apparatus  may  be  considered  suitable  for 
rough  comparison  purposes  only.  The  equipment  appears  suitable 
Jor  quality  cofatrol  of  a particular  primer  type,  since  the  indications 
follow  the  trends  detected  by  the  more  elaborate  equipment  described 
iater.  ihus,  when  other  test  devices  show  a ioss  of  output,  the 
impulse  reading  of  Test  Set  Mk  175  decreases  in  about  the  same  ratio ; 
apparently  the  impulse  indications  have  some  real  significance! 
typical  toot  results  are  reported  in  reference  (51)  as  well  as  on  pn<u*s 
3~9,  3-20,  and  3-21.  It  should  be  noted  that  Test  Set  Mk  175*  is 
applicable  to  percussion  primers  as  well  as  slab  primers,  and  could 
readily  be  adapted  for  electric  primers  if  desired. 

Other  apparatus  for  measuring  the  output  of  stab  primers  has  been 

Jear8,  T°St  Set  Mk  172  Mftd  i and  proposed 
est  Set  Mk  180  Mod  1 are  both  applicable  to  stab  primers,  although 

p % W^re.,°r^n  T developed  for  percussion  and  electric  primers. 

fnlln«d°  xT  t*9-  W described  m paragraphs  immediately 

S *N°  typloa^  test  data  iGr  primers  have  been  recorded 
with  these  instruments  as  yet. 

Percussion  primers.  Output  tests  for  percussion  initiated  primers 

II*  P "’'''I  TeSt  8613  Mk  172  Mod  I.  Mk  173,  Mk  175, 

fonows°P08ed  Mk  180  Mod  L A dlBCU8aion  oi  these  test  instruments 

rest  172  M<>d  1 is  a ballistic  pendulum  of  unconvesfio"*! 

defiSrinJ?  thl &8t  place’  the  pendulum  is  a torsional  pendulum. 

that  is  twisted  h °nzonta!  pano  aSaiRsfc  fche  restraint  of  a piano  win 
> a toisional  force  instead  of  deflecting  in  a vertica: 
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'”■  Shansi  h gravity  restoring  force.  In  the  second  place,  the 
M '»nent.  to  he  tested  is  mounted  in  the  pendulum  bob  and  produces 
iiou  by  the  reaction  of  the  jet  of  rapidly-  mpvtitg :gascs . which  it- 
cs.  The  inaximutn  angular  deflection  of  the  t-orsional  ballistic 
dum  is  a measure  of  the  momentum  of  the  gases  and  part-hues 
'd  by  the  Hansnle  primer.  The  deflection  is  recorded  by  means 
j>arh  and  waxed  tape  mechanism. 

ure  0-24  depicts  the  genera!  features  of  the  instrument,  and 
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references  (52)  and  (53)  report  the  performance  and  theory  ->f  opera- 
tion.  The  primer  gases  are  emitted  through  a standardised  orili,e 
which  directs  the  flow  and  improves  the  efficiency  of  the  energy 
utilization  of  the  system.  Because  of  the  unknown  efficiency  of 
the  arbitrarily  standardized  orifice,  Test  Set  Mk  172  is  considered 
usetul  for  comparative  purposes  only;  but  the  accuracy  with  which 
output,  comparisons  mav  be  made  is  verv  sreat  with  this  instrument 
It  is  found,  for  example,  that  when  percussion  Primers  Mk  101  with 
graduated  loads  are  tested  in  this  equipment  that  the  maximum 
angular  deflection  is  a lirear  function  of  charge  weight  (of  a «nven 
mixture)  and  that  an  increment  of  1 milligram  of  charge  in  a 21 
milligram  load  results  in  about  1 centimeter  change  in  peak  deflection. 
These  data  permit  accurate  surveillance  studies  of  primer  output  and 
provide  a reliable  method  of  checking  quality  on  the  production  line. 

A number  of  interesting  problems  were  encountered  in  the  design 
of  Test  Set  Mk  3 72.  In  the  application  of  the  equipment  to  percus- 
sion primers,  it  became  necessary  to  strike  the  primer  villi  an  appre- 
ciable blow  to  initiate  it;  however,  this  blow  could  not  be  delivered 
from  outside  the  system  without  causing  a deflection.  This  problem 
was  solved  by  the  incorporation  of  firing  pin  and  spring  in  the  pendu- 
um  bob,  or  rotating  assembly.  Kesidual  deflections  of  t he  pendulum 
ye  to  the  motion  of  the  firing  pin  and  spring  were  cancelled  out  bv 

■v6  U5f  °?  a,a"ai  firing  Pin  and  spring  system  such  that  the  motion  of 
the  principal  firing  pin  was  at  all  times  balanced  by  the  motion  of  an 
auxiliary  firing  pm  traveling  in  the  opposite  direction.  Residual  dir- 
ections withdud  primers  are  thus  reduced  to  less  than  1 millimeter, 
or  less  than  percent  of  lull  scale  deflection  for  Primer  Mk  101. 

rest  Set  Mk  172  Mod  I is  applicable  to  stab  initiated  primers  bv 
_rf™p  e,  ch+^nge  !n  !‘nnS  Pin  design,  and  to  electrically  initiated 

moT^f/  ihe  SUb8tltUt,?R  of  a different  firing  chamber' \o  accom- 
modate the  larger  primer  body. 

nn  173  M°d  °’  wllich  has  a!rcS(l>-  mentioned  in 
dr- »,A  7 S0ESltlT,ty  te8f,i’  1)80  incorporates  a means  for  a corn- 

el* ““^“‘measurement  in  terms  of  the  heat  delivered  lo  the 
r„„  ,-,r  ' * l--cmo...oupie  which  is  directly  in  tin'  oath  of  the  hot 

rev  ? cv  .^ocuicts. 

ibis  thermocouple  for  percu 
ruggedly  built  unit  wlii.  t. 


ion  pnmer  output  comparisons  is  a 

fun  ttrtiLetavhri  1 _ # • r 

Rihrt-  — i • . ' “ — — ut  primer  capm'- 

^ h0ct  r8l “ TTCy\  11  is  00n8tructecl  by  lap  welding  No. 
straight  wire  Th  nn  , together  to  form  a continuous 

The  weJ-pri  « " ^V/C1d  ,1s  to  the  diameter  of  the  original  wire* 

so  that  the  fimshedu-Hron«i,t  f?a  ? MVy  COpper  support  pos 

insists  of  two  ueavy  copper  nos  Ik  ioitied  i> 
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about  a % inch  length  of  chromel-alumel  thermocouple  wire  with  the 
junction  midway  between  the  posts,  The  thermocouple  units  are 
reproducible  to  within  about  rtf*  percent  at  worst  and  may  be  filed 
and  adjusted  io  closer  tolerances  if  necessary. 

The  relatively  heavy  gauge  of  the  thermocouple  wires,  necessitated 
by  durability  considerations,  results  in  a system  which  docs  not  follow 
the  instantaneous  temperature  variations  in  the  primer  flame,  In- 
stead, the  thermocouple  responds  as  an  integrating  device,  the  thermo- 
couple emf  increasing  according  to  the  integral  of  the  temperature 
time  function  of  the  flame.  The  geometry  of  the  system  is  such  that 
Che  primer  gases  must  flow  past  the  thermocouple  in  order  to  estape. 
Therefore,  indirectly,  the  peak  emf  of  the  thermocouple  is  a measure 
of  the  gas  temperature  limes  the  quantity  of  gas  flowing  past  the 
thermocouple.  Thus  the  instrument  is  capable,  at  least  roughly,  of 
measuring  relative  heat  outputs. 

Since  the  thermocouple  emf  is  exceedingly  small,  it  is  necessary 
io  amplify  the  sigiuu  to  a level  suitable  for  the  operation  of  a peak 
holding  voltmeter.  This  is  accomplished  by  means  of  a breaker- 
ainplifler  circuit  which  is  described  in  references  (13)  and  (14).  The 
combination  of  breaker  amplifier  and  peak  holding  voltmeter  is  ca- 
pable of  full  scale  deflection  of  n 200  microampere  meter  movement 
for  a 50  microvolt  signed  from  the  thermocouple.  Additional  ranges 
arc  provided  to  permit  operation  at  reduced  sensitivity  when  larger 
primers  are  being  studied.  Relative  outputs  of  fuze  primers  can  thus 
be  stated  in  terms  of  equivalent  microvolts  delivered  by  the  thermo- 
couple to  the  tun  pi  i Her  input. 

It  has  been  found  that  the  thermal  output  measurements  afford  a 
convenient  method  for  comparing  the  effectiveness  of  various  experi- 
mental expjosive  mixtures,  as  well  as  for  detecting  deterioration  of 
printer  output  during  surveillance,  home  typical  thermocouple  data 
are  tabulated  in  reference  (54)  and  on  pages  3-15  and  3-19  to  3-22, 
inclusive. 


Test  Set  Mk  175,  frequently  used  for  quality  comparisons  of  per- 
'Mission  primers,  has  been  described  earlier  (pages  9-42  to  9—44)  m 
-ection  under  Stab  primers. 

T-  st  Set  Mk  180,  modified  for  percussion  primers,  is  a laboratory 
instalment  for  the  measurement  of  the  pressure  de\ eloper  a 
?ri'  : explosion  in  a small  seated  chamber.  ,ruu 

possible  to  measure  the  instantaneous  pressure  in  the  sm&u 
■hi:  her  as  it  builds  to- during  the  explosion  and  as  it  dies uown giai  u- 

-11}  tiring  the  cooling  of  the  reaction  products.  Since  the  volume  of 
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the  chamber  is  known,  it  is  possible  to  compute  the  maximum  pressure 
which  the  primer  will  develop  in  any  other  volume,  such  ns  that  in  a 
fuze  firing  t rain.  Except  for  the  actual  firing  chamber  and  the  met  hod 
of  initiation,  this  test  set  is  identical  with  Test  Set  Mk  180  Mod  0, 
which  is  described  in  detail  in  this  se'-'na  under  Electric  primers  (page 
9-51).  A description  of  this  test  set  is  preset: ted  in  references  (<>4) 
and  (65). 

Other  tests  for  percussion  primer  output  have  been  tried  at  various 
times  in  the  past.  An  carlv  version  of  the  thermocouple  test  is  re- 
ported in  reference  (16)  wherein  essentially  the  same  thermocouple 
as  that  of  Test  Set  Mk  173  was  used  but  in  conjunction  with  a flux- 
meter  galvanometer  instead  of  a breaker  amplifier  and  voltmeter. 
This  apparatus  proved  difficult  to  use  because  of  excessive  drift  in  the 
fluxmeter  and  because  of  the  integrating  features  of  the  fluxmeter. 
Instead  of  indicating  the  peak  output  cmf  of  the  thermocouple,  the 
fluxmeter  indicated  the  integral  of  the  emf  as  a function  of  time. 
This  necessitated  a dual  adjustment  of  the  thermocouple  sensitivity 
in  that  the  thermocouple  cooling  rate  had  to  he  controlled  as  well  as 
the  peak  emf  for  a given  flame  pulse.  This  arrangement,  proved  to  he 
rather  impractical  where  close  tolerances  in  thermocouple  response 
were  desired. 


Measurement  techniques  based  upon  integrating  the  current  flow 
between  a pair  of  electrodes  placed  in  the  path  of  tire.  candescent 
gases  emitted  by  the  primer  have  been  found  to  be  unsatisfactory. 
In  such  techniques,  it  is  assumed  that  the  ionization  current  is  more 
or  less  proportional  to  the  intensity  of  the  flame  and  that  the  duration 
of  flow  will  equal  the  duration  of  the  flame.  The  current  is  allowed  to 
charge  a condenser  to  a voltage  proportional  to  the  current-time  inte- 
gral. and  the  resulting  condenser  voltage  is  measured  with  a vacuum 
tube  voltmeter.  It  has  been  found  that  atmospheric  conditions  and 
the  alkali  metal  content  of  the  charge  have  more  influence  on  the 
measurement  than  does  the  strength  of  the  explosion. 

Atio  ther  spprOucli  to  primer  output  measurement  was  used  to  some 
extent  at  Pica  tinny  Arsenal,  according  to  the  reports  listed  as  refer- 
ences (55)  and  (56).  In  this  case,  the  primer  light  output  was  measured 
. by  of  a photoelectric  tube  and  cathode  ray  oscillograph.  The 

output  of  the  photo  tube  as  a function  of  time  was  displayed  on  the 
cathode  oscillograph  sore**  «n.:!  the  screen  was  photographed  : - 
obtain  a permanent  record.  Insofar  as  the  radiated  light  from  tl  e 
primer  flaslf  may  be  considered  a measure  of  the  output  of  the  prime 
this  type  o|  equipment  would  provide  a useful  means  for  compare  : 
pnrr.t.!  outputs,  vv  nether  or  not  the  light  radiation  from  the  prim*  ' 
hash  is  as  good,  an  nule,--.  to  the  primer  output  as  the  heat  transfer'1  > 
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to  ft  thermocouple  is  not  known  at  present,  hut  should  be  determined 
at  some  future  date.  The  calibration  of  photoelectric  tubes  for  sht.i 
light  pulses  should  be  more  readily  obtained  than  the  corresponding 
calibration  of  thermocouples  of  the  type  used  in  Test  Set  Mk  173. 
Even  such  difficulties  as  variation  in  spectral  response  between  produc- 
tion photoelectric  tubes  could  probably Jbe  overcome  by  appropriate 
calibration  methods  if  the  basic  measurement  is  proved  to  be  reliable. 
Obviously,  this  technique  could  be  readily  extended  to  stab  and  electric 
primers  by  simple  design  modifications. 

Measurement  of  percussion  primer  output  in  terms  of  the  delay 
obtained  with  a pyrotechnic  delay  pellet  is  occasionally  resorted  to. 
It  is  found  that  high  output  primers  tend  to  shorten  the  over-all  delay 
of  a black  powder  delay  element  below  the  nominal  delay  value,  while 
weak  primers  tend  to  produce  longer  delays.  Reference  (54)  includes 
a tabulation  of  delay  times  measured  with  various  percussion  primers 
in  conjunction  with  a standard  delay  pellet.  In  general,  the  delay 
time  and  the  thermocouple  measurement  vary  in  an  inverse  functional 
relationship,  as  may  be  seen  from  table  3-8  (page  3-19).  Instru- 
mentation techniques  for  delay  measurements  are  described  in 
reference  (63). 

It  has  occasionally  been  suggested  that  primer  outputs  be  compared 
on  the  basis  of  the  intensity  of  the  sound  of  the  explosion.  It  pre- 
sumably would  be  possible  to  set  up  a sturdy  microphone  in  the 
vicinity*  of  the  primer  and  to  measure  the  maximum  sound  intensity 
incident  on  the  microphone  by  means  of  an  amplifier  and  transient 
peak  voltmeter  or  oscilloscope.  While  this  type  of  mea&m.ement  has 
not  been  attempted  for  fuze  primers  as  far  as  can  he  as^rtained,  it 
appears  to  be  an  approach  which  would  be  worth  investigating,  for  it 
is  identical  in  principle  to  blast  pressure  measurements  which  are 
made  on  large  explosive  charges.  However,  it  might  be  expected  that 
such  tests  would  be  best  performed  in  an  open  axeayarimr  than  in  an 
enclosed  firing  chamber,  in  order  to  minimize  t he^s^bing  effects -of 

acoustic  reflection.  * . , - u ' •* 

Electric  primers.  Output  tests  for  efggtric  primers  may  be  per- 

formea  with  Test  Set  Mk  172  Mod  0,  dgdcpbed’iiif  his  section? under 

Percussion  primers  (page  9-44),  with  T#  Sot  Mk^^viou  0,  wmCu  is 

a sand  bomb  apparatus;  with  Test  Set  Mk  lSOTmid  0,  the  primer 

- , . — i — with  ernincr  blocks.  -No 

pleasure  tioinu  apparatus,  »*m  - * »■  • . 

information  is  at  hand  regarding  the  applicability  of  the  thermocoup  e 

feature  of  Test  Set  Mk  173  Mod  0 for  electric  primer  output  com- 

nn risons  !?tj{  it  annenrs  nrobablc  that  a more  massive  design  woula  bo 

* 1 - - — - - r i ‘ * 

necessary.  . 

Test  Set  Mk  148  Mod  0 sand  bomb  apparatus  is  shown  m the 

rnKinnsKiTSAl  9-4^ 
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drawings  listed  in  reference  (57).  The  general  principles  of  sand 
bomb  testa  have  already  been  described  in  this  section  (page  9-32). 

Test  Set  Ms  *80  Mod  0 is  perhaps  the  most  reliable  output  measur- 
ing instrument  for  electric  primers  and  merits  a fairly  detailed  dis- 
cussion. This  apparatus  consists  of  the  primer  pressure  bomb  and 
associated  electronic  accessories.  It  permits  measurement  of  the 
instantaneous  pressure  as  a function  of  time  in  a small  sealed  chamber 
which  contains  the  exploding  primer.  Figure  9-25  shows  the  general 
appearance  of  this  apparatus  as  it  is  used  for  laboratory  measurements 
of  electric  primer  output.  A complete  description  of  the  various 
components  and  their  manner  of  operation  is  given  in  reference  (58).. 
Among  the  instruments  discussed  in  the  output  measurement  group, 
the  primer  pressure  bomb  and  the  ballistic  pendulum  arc  the  only 
ones  that  attempt  an  absolute  measurement  of  output,  as  distinguished 
from  the  comparative  measurements  afforded  by  the  other  test  instru- 
ments. The  Hopkinson  Bar  would  approach  this  result  if  it  were  not 
accessary  to  use  degrading  pellets  between  sample  and  bar. 

The  Primer  Pressure  Bomb  apparatus  includes  the  following 
components:  (a)  the  pressure  bomb  proper,  with  appropriate  means 
for  inserting  and  sealing  the  sample  primer,  ( b ) the  pressure  gauge, 
which  is  of  the  Aberdeen  Type  C~ AN  variety,  (c)  the  strain  gauge 
power  supply,  bridge,  and  amplifier,  and  (d)  the  indicator  unit,  which 
may  be  a cathode  ray  oscillograph  with  a drum  camera  recorder  or  a 
peak  holding  voltmeter. 

The  primer  bomb  proper  is  a small  steel  chamber  of  known  volume 
and  of  such  design  that  it  may  be  tightly  sealed  against  escape  of  the 
gaseous  products  of  an  explosion.  Sealing  is  sufficiently  good  to 
permit  retention  of  gas  pressures  of  several  hundred  psi  m a voiume  oi 
about  1 cubic  inch  over  a period  of  24  hours,  and  yet  the  bomb  may  be 
readily  opened  for  loading  and  unloading. 

The  pressure  gauge  used  in  the  present  model  of  the  primer  bomb 
equipment  » t he  Aberdeen  type  C-AN  clastic  tube  gauge  .described 
in  reference  (58).  This  gauge  consists  of  a thin  walled  steel  tube, 
closed  at  ono  end  and  open  at  the  other  end  to  the  pressure  source. 
A liclix  of  resistance  wire  is  wound  about  the  outer  circumference  o 
th  tube  and  bonded  to  the  surface  by  a layer  of  cement  or  varnish 
1 > i nlt-n  «««•«•  #;  Insulation  between  the  winding  ana 

tube.  When  pressure  is  applied  to  the  open  end  of  the  tube,  the 
• circumference  increases  proportionally  and  stretches  t e re 
met,  wire  winding.  This  causes  a definite  increase  in  the  winding 
1 an.ee.  which  may  be  measured  to  determine  the  magnitude 
applied  pressure. 
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>:  The  strain  gauge  control  unit  houses  the  electronic  circuits  which 
concert  resistance  change,  just  mentioned,  into  an  electrical  aignai 
suitable  for  display  on  the  screen  of  a cathode  ray  oscillograph.  The 
unit  includes  the  remaining  arms  of  the  resistance  bridge  for  which 
the  gauge  acts  as  the  fourth  arm.  Appropriate  bridge  balancing 
controls,  a 20  kilocycle  carrier  power  oscillator  to  power  the  strain 
gauge  bridge,  and  a sensitive  preamplifier  comprise  the  remainder 
of  the  circuits  in  the  control  unit. 

The  indicator  unit  is  usually  a modern  high  performance  cathode 
ray  oscilloscope  such  as  the  Tektronix  Mode!  f 12  or  the  DuMont 
Model  304H.  Associated  with  the  oscilloscope  is  a drum  camera 
tif  the*  type  described  in  reference  (60).  An  alternative  ivpe  of  indi- 
cator is  a transient  peak  voltmeter  which  will  read  not  oniv  the  maxi- 
mum pressure  developed  by  the  primer  but  will  provide  immediate  data 
without  photographic  processing.  A report  on  this  modification 
of  the  test  set  is  in  preparation. 

Operation  of  lest,  Set  Mk  ISO  has  proved  quite  satisfactory.  It  is 
found  that  the  peak  pressure  attained  in  the  chamber  is  a reoroducible 
function  of  the  weight  of  charge  of  a given  type  of  explosive.  It 
is  also  found  that  a reliable  rei^ng  of  the  static  pressure  in  the 

InAulm,  tfteir  gaf8  haV®  coo,eft  na>*  be  obtained,  thus  permitting 
an  estimate  of  the  volume  of  gas  emitted  bv  the  primer. 

Miscellaneous  Safety  and  Output  Tests 

tft  for  train  operation  has  not  been  mentioned 

onato^ ^ T1D5  Tti0m-  This  is  the  *>-<*"**  "static  det- 
firin?  train  ty  ^ 19  USUalij  Performed  on  the  assembled 

shder  oHtor  wHeT-at  6 apPro^on  ^roto.  In  this  test,  the 
armed  is  v*  1 i ^ m?€.rruPt’s  ine  tram  when  the  fuze  is  un- 
V T poa,t,on  by  small  increments  and  the  percent 

function  0 ^ a®  detonator  l,y  the  primer  is  plotted  as  a 

.A."ma"  Plot  W be  made 

£££?  Pr0CCdu™  in  their  aciu^P  ri  — 

AnoZ-ft  — typical  testa  of  this  nature, 

for  handline  or  di«  8 !?un  Prohlem  is  the  safety  of  the  assembly 

*n:Hh-  sir  6i";  A de- 
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Chapter  1 0 

LOADING 

Loading,  as  applied  to  ordnance*  explosive  trains,  generally  inch  ides 
the  operations  related  to  incorporating  the  explosive  or  delay  charges 
into  the  ordnsstce  device.  Basically  these  operations  consist  of  the 
following  steps. 

1.  Segregating  the  correct  amount  of  explosive  or  delay  material. 

2.  Charging  the  material  into  the  cavity  or  container  to  be  loaded. 

3.  Consolidating  the  charge. 

4.  .Securing  the  charge  in  its  appropriate  cavity  within  the  device. 
(In  some  instances,  (3)  and  (4)  are  combined.) 

The  explosive  train  designer  is  interested  in  loading  from  the 
standpoint  of  (a)  how  to  design  explosive  trains  that  can  be  readily 
loaded  and  (b)  how  to  design  loading  tools. 

Section  I, — Design  Factors  That  Affect  Loading  Plant 

Operations 

•Since  manpower  is  usually  critically  short  during  wartime,  it  is 
important  that  the  explosive  train  designer  strive  for  arrangements 
that  facilitate  loading.  The  design  principles  which  tend  to  accom- 
plish inis  aim  are  indicated  below. 

S*gr«*atf«g  ths  Correct  Amount  of  Gorge 

In  segregating  the  correct  amount  of  charge,  it  is  usually  preferable 
to  use  volumetric  methods;  they  are  quicker  and  more  suitable  for 
use  with  automatic  and  semi-automatic  loading  machinery  stich  as 
pelleting  presses  and  detonator  loading  machines.  It  is  considered 
good  practice  for  explosive  train  designers  to  speedy  a weight  or 
volume  and  a density  of  charge  w ith  tolerances  that  arc  compatible 
wbh  controlled  volumetric  charging  methods. 

Charging  and  Consolidating  the  Explosive  into  the  Cavity  To  Be 
Loaded 

In  general,  there  are  four  methods  of  loading  an  expiOMie  train 
cli.irgi?  intc?  r»  cavity.  , ...  . , • 

The  loose  powder  is  poured  into  the  cavity  and  conso  i a tc 

p! 

A preformed  pellet  is  dropped  into  the  cavity  ami  t'CCU!0U'  . 

A preformed  pellet  is  dropped  into  the  <*a’. ity  or  comaine 
r'  ’nsolidated  in  place. 

A eased  charge  is  secured  in  the  cavity. 


«u'  /pf  rgi.J|»N  ft  S £3k  If 


irt-1 


AdODJianivAvisaa 


ORDNANCE  EXPLOSIVE  TRAIN 
DESIGNERS'  HANDBOOK 


CONFIDENTIAL 
SECURITY  INFORMATION 


Method  I is  poor  practice  i?  the  piece  containing  the  cavity  i»  large 
and  heavy.  Under  these  conditions,  loading  becomes  hazardous  and 
time  consuming.  This  method  Is  acceptable  for  loading  small  rased 
charges. 

Method  2 is  satisfactory  if  the  pellet  can  be  suitably  securer!. 

Method  3 is  the  recommended  procedure  for  loading  small  eased 
charges  such  as  leads.  This  method  is  not  suitable  for  highly  sensitive 
explosives,  since  they  are  not  readily  pelleted. 

Method  4 is  highly  recommended,  particularly  for  cavities  in  large 
and  heavy  pieces.  This  method  is  aiso  advantageous  for  sensitive 
explosive  charges  that  may  be  near  moving  parts,  since  it  tends  to 
prevent  dusting,  which  may  cause  prematures. 

The  preceding  discussion  emphasizes  the  importance  of  designing 
explosive  trains  so  that  charges  to  be  loaded  into  cavities  in  iarge  and 
heavy  parts  can  be  pelleted  or  precased.  A typical  example  of  a 
desirable  loading  procedure  for  a fuze  lead  charge  is  indicated  below. 

1.  Pellet  the  lead  charge. 

2.  Place  the  pelle*  in  the  lead  cup. 

3.  Reconsolidate  the  lead  charge  in  the  lead  cup  with  suitable 
support  for  the  cup  walls  if  necessary’. 

4.  vSecure  the  lead  cup  in  the  cavity  in  the  fuze  piece  by  some 
method  such  as  that  described  under  Army  lead  cup  design,  on  page 
6-5.  From  the  standpoint  of  the  loading  plant,  this  type  of  loading 
is  preferable  to  pressing  the  loose  powder  directly  into  an  open  cavity 
of  the  fuze  body  for  the  following  reasons: 

It  simplifies  tooling. 

There  is  greater  interchangeability  of  tooling  from  one  fuze  to 
another. 

This  procedure  permits  closer  control  of  the  loading  density  of 
charges. 

It  permits  improved  safety  by  (a)  reducing  the  mass  of  parts  usually 
being  handled  in  the  presence  of  loose  explosives,  ( b ) reducing  the 
personnel  exposed  to  the  more  hazardous  operations,  and  (c)  simpli- 
fying explosive  train  material  contamination  control. 

the  procedure  simplifies  inspection  and  testing. 

It  facilitates  the  use  of  automatic  loading  procedures. 

It  simplifies  the  scheduling  and  regulating  of  materials  within  the 
loading  plant. 

Securing  the  Charge 

vvnen  special  loading  containers  and  fixtures  that  permit  the 
consolidation  of  charges  outside  the  ordnance  device  are  used,  this 
charge  with  its  associated  container  must  be  secured  in  the  device 
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iso  as  to  resist  displacement  or  appreciable  movement  during  handling, 
transportation,  and  service  use.  Keconsolidation,  threaded  assemble 
crimping,  and  staking  have  been  utilized  to  accomplish  this  job  satis- 
factorily. These  methods  arc  considered  sup-dor  to  the  use  of 
cements,  adhesives,  and  similar  materials.  Generally  these  opera- 
tions are  performed  on  automatic  or  semi-automatic  machines,  and 
in  the  awe  of  crimping  or  staking  it  is  necessary’  to  provide  metal 
precisely  shaped  and  located  so  as  to  keep  the  charge  from  moving. 

Normally,  the  most  direct  method  of  obtaining  location  control  is 
by  utilizing  related  surfaces  of  the  appropriate  part.  In  order  to  do 
this,  however,  the  dimensional  tolerances  between  the  related  surfaces 
to  be  used  must  be  consistent  with  the  allowable  variations  in  the 
location  of  the  crimp  or  stake  relative  to  the  explosive  charge. 

Where  reconsolidation  is  employed  to  secure  the  charge  in  the 
device,  access  to  each  end  of  the  cavity  is  usually  required,  and  it  is 
desirable  that  these  access  areas  have  a plane  surface  perpendicular 
to  the  center  line  of  the  explosive  cavity'. 

Standardization 

The  standardization  of  the  dimensions  of  explosive  train  com- 
ponents, especially  diameters,  tends  to  standardize  loading  operations 
and  to  reduce  the  number  of  different  tools  required.  This  factor  is 
of  particular  significance  to  loading  activities  during  wartime,  when 
machine  tool  production  capacity  is  inadequate  to  meet  requirements. 

Section  2. — Design  of  Toots  and  Equipment  for  Loading 
Genera:  Considerations 

Loading  tools  for  various  fuze  explosive  components  are,  in  general, 
quite  similar  and  follow,  more  or  less,  the  same  over-all  pattern.  They 
consist  chiefly’  of  a ram  for  compressing  the  charge,  an  anvil  to  support 
the  charge,  and  a funnel  which  serves  to  guiuc  the  loose  charge  and 
the  ram  into  the  cavity  being  loaded.  Where  a cup  is  being  loaders, 
support  for  the  cup  walls  must  be  provided  inmost  cases.  Where  the 
component  is  closed  bv  crimping  a cover  disk  into  place,  auxiliary 
tools  are  required  for  the  performance  of  this  operation. 

The-  design  of  loading  tools  for  explosive  components  requires 
careful  consideration,  particularly  in  view  of  the  hazard  .associated 
with  the  loading  operation.  The  important  design  iac  are  dis- 
cussed in  the  following  paragraphs. 

Dimensional  tolerances.  Where  a close  fit  is  required,  it  must  be 
uniform^  clnsn:  where  a loose  fit  is  required,  it  must  ue  u*»..onnly 


■IDENTIAL 


•4  A_t» 
-(  v~s& 


BEST  AVAILABLE  COPY 


:^wmfe  TRAIN 

HANDBOOK 


CONFIDENTIAL 

SECURITY  INFORMATION 


* •■_■;  - ...  — •• 

loose.  Mercury  fulminate  and  lead  azide  are  examples  oi  material's 
;f ^ " CO(«bflt^sua<^  varying  from  a slip  fit  (0.0004  inch) 
up’ib  appit>xira&tely  0.00 1 inch  are  used  for  these  materials.  Such 
clearances  are  necessary  to  prevent  the  explosive  material  f roiti  pass- 
ing up  around  the  ram  with  subsequent  pinching  and  possible  explo- 
sion. Tetryl  is  an  example  of  a material  requiring  relatively  loose 
fits  because  sticking  of  the  ram  is  experienced  if  close  fits  are  employed. 
Clearances  for  materials  such  as  tetryl  vary  from  approximately  0.001 
inch  for  leads  of  one-eighth  inch  diameter  to  approximately  0.004 
inch  for  booster  pellets  of  the  order  of  one  inch  or  more  in  diameter. 
Gasless  delay  mixtures  likewise  are  materials  requiring  relatively  large 
clearance. 

TofdiEg  pressures.  The  design  of  loading  tools  is  influenced  to  a 
considerable  extent  by  the  pressures  to  be  used  in  loading  tho  par- 
ticular components.  Loading  pressures  commonly  employed  for  the 
loading  of  fuze  explosive  components,  except  delay  trains,  vary  be- 
tween 10,000  psi  and  20,000  psi.  However,  pressures  no  higher  than 
2500  psi  are  employed  in  some  commercial  loading  operations.  Where 
the  tools  are  of  a,  temporary  nature,  or  where  lower  pressures  are'in- 
volved,  lower  quality  steels  or  even  non-ferrous  materials  may  be 
employed.  Copper  or  copper  bearing  alloys  should  not  be  used  when 
leading  iesa  azide  because  of  the  incompatibility  between  this  explo- 
sive and  copper  bearingraetals.  “Where  pressures  above  20,000  psi 
a:  v w*ed,  a high  quality  material  such  as  hardened  class  5 tool  steel 
is  necessary  for  satisfactory  results.  Where  long  life  of  the  tool  is 
desired j class  5 tool  steel,  hardened  and  finely  finish  od,  is  commonly 
prescribed  even  though  the  pressure  may  be  no  higher  than  10,000  psi. 

Finish  of  surfaces.  It  is  important  i-hat -ail  surfaces  which 'come 
into  contact  with  the  explosive  materials  or  with  the  explosh  re  loaded 
component  should  have  a high  quality  finish,  about  8 (average  depth 
of  surface  irregularities  of  8 microincbes)  (ret.  (IT)  or  better.  The 
presence  of  blemishes  allows  explosive  material  to  become  lodged  and 
«/0  D6  subject  to  pinching  or  abrasion  which  might,  result  in  an  explo- 
aiOxx.  Mars  and  scratches  on  surfaces  in  contact  with  expiosi  ve  loaded 
components  are  conducive  to  sticking  and  might  cause  difficulty  in 
removing  the  components  from  the  tools. 

Corners- and  joints.  An ‘important  requirement  h.  design  of 
fading  tools  is  that  the  corners  be  sharp  and  true  at  the  joints  be- 
tween different  parts  of  the  tool  when  the  joints  arc  in  contact  with 
^explosive  material  Neither  burrs  nor  radii  can  be  tolerated  at 
iucae  locations  , because  radii  or  imperfections  wonU  allow  the  explo- 
sive material  t.o  flow  into  the  cavities  resulting  from  their  presence, 
and  subsequent  pinching  and  explosion  might  result.  The  presence 
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I oi  burrs  offers  the  possibility  of  pinching  or  fracturing  of  crystals  of 
explosive  material,  which  might  lead  to  an  explosion.  In  the  deto- 
nator loading  too!  shown  in  figure  KM  for  example,  sharp  corners  are 
required  on  the  end  of  the  loading  ram  which  contacts  the  explosive 
and  at  the  bottom  of  the  funnel  ram  guide  which  is  recessed  to  accept 
the  upper  end  of  the  detonator  cup. 

Loading  for  Expofimsirid  Purpose# 

fossa.  The  loading  of  explosive  components  for  fuzes  under 
development  u n task  which,  for  the  most  part,  has  not  been  adapted 
to  mass  production  methods.  For  example,  where  detonators  dffrer- 
ag  from  standard  production  are  required  for  such  work,  thev^tre 
loaded  singly  in  hand  loading  tools  of  simple,  temporary,  and  ofteh- 
tune#  quite  primitive  design,  likewise,  Navy  fuze  primers  are 
frequently  hand  loaded  and  assembled  singly.  Figures  10— I and 
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Figure  10-2.  Experimental  Hand  Loading  Tool  for  Detonators.  Pam  and 

Ram  Guide  Removed. 

hand  loading  tool  which  ia  easily  adapted  to  detonator, 
of  different  lengths  by  interchanging  parts. 

*£•  1?T1  f°w8  th®  '500!  in  cross  section,  with  the  detonator 
capsule  and  load  (charge)  m place  during  the  consolidation  process. 
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• •»«*  ' O-4!.  A /Mr  Loading  Tool  for  Mk  701  Type  Primer. 

ilgure  10-2  shows  the  tool  with  ram  and  ram  guide  removed.  The 
enmping  rama  (not  shown)  are  similar  fo  those  9hown  :n  figure  10-16, 
which  is  a tool  for  production  line  use. 

Figures  10-3  and  10-4  show  a loading  too!  for  primers,  which  is 
similar  in  design  features  to  the  detonator  too!  of  figure  10-1 . Because 
of  the  relatively  small  number  of  items  required  for  experimental 
development,  the  durability  of  the  materials  used  in  tools  for  experi- 
mental loading  need  not  always  he  the  highest.  Such  tools  are  usually 
Ml  design,  even  though  they  may  be  less  convenient  to  use  than 
tools  u&ngned  for  production  purposes.  Nevertheless,  it  should  be 
emphnaizod  that  close  tolerances  and  high  grade  finishes  must  be 
maintained  because  of  the  hazardous  nature  of  the  loading  operation. 

ioada  and  boosters.  These  components  also,  are  loaded  singly  by 
hand  methods,  although  for  these  items,  high  rates  of  production  of 
tetryl  pellets  are  obtained  with  automatic  pelleting  machines.  Figures 
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LOADING 


1 D-f>  and  10-fl.ahow  a hand  loading  tool  for  loads,  and  figures  10-7 
and  10-8  show  a hand  loading  tool  for  boosters. 

Fuze  plungers.  In  some  types  of  detonating  fuzes  a fuze  plunger 
contains  a detonesor,  a tetryl  relay  charge,  and  small  detonating 
leads.  The  pt‘rfttion  in  the  loading  of  this  plunger  is  to  press 

the  leads  into  place  as  previously  described,  with  the  too!  in  the  posi- 

*!«••  almu'fi  tr;  f;--  1 A—"  Thrt  inn I io  th.m  s<»f,  nrs  so  that,  the  axis 

of  the  ptonger  is  vertical,  and  the  ram  which  was  used  as  a mandrel 
foi  dnsdhag  the  leads  is  then  used  for  the  final  crimping  and  placing 
of  the  detonator.  The  to  try!  relay  charge  is  then  pressed  into  place 
with  the  same  rum  that  was  used  in  seating  the  detonator.  Figures 
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Hoed  Loading  fool  for  Boosters. 
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s-i'*  powder  delay  e saienu,  in  contrast  to  tne  toms  tor  loading 
£ *;  Is  delay  elements,  *.  >se  lor r.vnaamg  ol&csv  pmvacr  uemy  elements 

“ar~  S;|  (all  clearances,  friguresyTl~l  i and  10  12  show  a too!  designed 
°-a  I a black  powder  delay  element  for  experiment:!!  purposes. 


- Uf5  y *'  <}|  a %00<i  example,  o'  a too!  <pick!.v  and  easily  made  for  short  run 

‘ p--1':,  p ;or.4a<  loading,  it  is  sitnpl  in  design,  yet  suitable  for  loading 

’ f;  % //oTo.ns  of  varying  lengths.  Its  performance  is  excellent,  even 
■£■*■,  ■*  • 4 *,A"#  ^ 

,1:'’  p ;1  § i*  nmde  of  easily  wof  :ed  materials  and  its  fabrication 


of  primers  and  detonators.;  Tools  for  loading  the  components 

- -T trie  . srimers  and  detonators.  which  consist.  primarily  of  con. 
SOHO.aT.^J.  - . • , * . . 


Explosive  charges  in  eaprrcs,  are  comparable  to  the  loading 
<nA't"  sfr*>r  other  similar  components,  such  ns  detonators  and  capsule 

C» *">  v*  i _ _ > . - A * 

- >.  ■ t Kjfe* ' iorwjii.  One  notewortny  ex*  «;p!e  of  n speestti  operation.  is  the 
$ t',c  wet’  hot"wire  ignition  c large  of  the  Mk  1 13  type  electric 
^ by  buttering  it  into  pi  me  with  a small  spatula. 
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Fi§or$  10-12.  tool  for  E^i^meotaf  Loading  of  Slack  Powder  Delays. 

Lcc^in*  for  Production 

Production-line  technique.  Production  loading  is  frequently  and 
conveniently  accomplished  bv  so-called  “production-line”  tcch- 
nicuc  using  hand  tools,  in  which  ei  eh  individual  of  a group  loading  a 
particular  component  performs  ■ -single  operation  and  passes  the  tool 
and  component  on  to  the  next  i dividual  of  the  “line.”  Thus  the 
component  moves  along  and  emerges  from  the  end  of  the  line  in  the 
finished  state.  For  this  icefcsrut’ie,  more  tools  are  required  than 
there  are  individuals  or  operation*  in  the  group,  and  there  is  a con- 
tinuous movement  of  the  tools  ai>f»g  the*  line  and  back  to  the  station 
for  the  initial  operation. 

Figures  10-13  and  10-14  shdsr*  tool  for  this  type  of  loading.  The 
process  requires  four  stations  (or 'Operations):  (I)  weighing  and  intro- 
duction. of  the  loose  powder  into  '.-he  funnel;  (2)  application  ox  proper 
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of  the  ram  and  t^m-  '/--tide  would  need  oe  made  when  clearance  has 
increased  to  O.OK*  ieh.  " • 

Figure  10-13  ' -ow*  a detonator  reading  tool  design  considered 
satisfactory  hr  , ;an tity  loading  ay  means  of  the  production-line 
technique.  0?r  taring  this  'deaigr  with  that  shown,  in  figures  10-’, 


figure  10-15.  C - W Tool  ft v Detonator. 
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V i and  10-2,  a decided  similarity  between  hand  tools  for  production 

. and  experimental  loading  noted.  Figure  10-16  illustrates, 

V primarily,  the  crimping  and  “knockout’5  features  of  the  tool,  thus, 

the  charging  and  pressing  of  this  three-increment  detonator 

are  omitted  in  the  figure.  For  the^  final  or  knockout  operation,  the 
sleeve  containing  the  detonator  i*‘ removed  from  the  original  b:,se 

‘ and  placed  on  one  that  permits  passage  of  the  detonator.  In  the 
use  of  this  tool  for  loading  e three-increment  detonator,  it  io  conven- 
ient to  use  eight  stations:  diree  weighing  stations,  three  pressing 
• stations,  one  common  crimping  and  knockout  station,  and  one  cleanup 
and  tool  reassembly  station. 

Hand  loading  tools.  As  noted  earlier  in  this  chapter  under  IN 
topic  Loading  for  Experimental  Purposes,  hand  loading  tools  are 
much  used  for  peacetime  loading  of  Navy  fuze  primers.  Tools  of 
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similar  types  are  wu*d  in  ordnance  development  activities  for  experi- 
mental purposes  and  in  ordnance  plants  for  production  purposes. 
However,  only  dry  mixture.?  are  loaded  in  this  manner. 


method. 


Tie  commercial  teennume 
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jng  primers  of  the  type  used  in  fuzes  involves  the  charging  c 

by  the  “charge-plate''  method.  This  method  consists  of  the  foi 

operations.  Holes  in  is  charge  plate,  sized  to  the  connect  volume  to 
hold  the  required  amount  of  explosive,  are  charged  with  priming 
mixture  {usually  dampened  to  lessen  the  hazard).  The  charge  plate 
is  then  placed  over  a similar  plate  containing  the  primer  cups  so  that 
the  holes  in  the  two  plates  are  aligned.  The  priming  mixture  is  then 
transferred  from  the  charge  plate  to  the  primer  cups  by  means  of  a 
knockout  plate  which  is  placed  over  the  charge  plate.  The  ’mock- 
out  plate,  which  has  a ram  aligned  with  each  hole  in  the  charge  plate, 
is  then  depressed,  thus  knocking  each  charge  into  its  respective  cup. 
Consolidation  is  accomplished  on  a press  which  actuates  a set  of 
rams  (frequently  ten)  operaring  as  a gang.  Each  ram  also  serves 
to  punch  a paper  disk  as  the  ram  advances  to  consolidate  the  charge. 
The  disk  serves  to  prevent  the  wet  charge,  from  adhering  to  the  ram. 
The  consolidating  pressure  is  controlled  by  a spring  under  each  ram. 

The  loading  of  the  Mk  30  Detonator  during  World  War  II  affords 
an  interesting  example  of  production  loading.  The  design  of  this 
detonator  is  such  that  the  cup  diameter  and  length  are  nearly  equal 
(0  inch  by  0.280  inch,  respectively).  Accordingly,  loading  is 
adaptable  to  primer  production  loading  techniques,  and  the  detonator 
wa'<  ioaded  in  multiple  by  the  charge-plate  method,  i he  dry  charge, 
consisting  of  an  increment  of  tetryl  and  an  increment  of  iead  aside, 
was  introduced  and  consolidated  in  two  separate. opri a tions  ^ he n 

the  cups  were  removed  from  the  plate  and  Hand  crsmpeo  inoiviaua...y. 

Wet  loading  technique.  A special  loading  tool  desipied  by  -.»i 
Naval  Ordnance  Laboratory  for  loading  primers  Mk  101  m snudt 
groups  bv  the  wet  loading  technique  is  shown  in  figures  « a . . > 

and  10-19.  The  tool  is  similar  to  the  commercial  production  load- 
ing tools  but  does  not  have  individual  pressure  control  on  esc  primer. 
However,  because  of  good  control  of  dimensions,  variations  ra  pres- 
sure experienced  are  not  sufficient  to- affect  .he  pnmeu  pe.  oimance 
appreciably.  A load  of  ten  thousand  pounds  on  ine  cover  p i 
rjivp*  *n  average  of  five  hundred  pounds  on  each  of  the  t^..ty  F - 
’in  Hccommodatcd  by  this  U»l.  Figure  10  -17  shows  he  ^mb.y 

just  after  transfer™*  the  ehtu*e  from  the show  the 
cups,  a hand  operation,  figures  1 0 1S  ana 
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Fifjprt  10^19.  PrimerWtt-Loadmg  Tool,  Stmi-Production  Type. 


tool  assembly  ready  for  paper  disk  punching  and  charge  consolidation, 
a press  operation.  This  tool  is  adaptable  to  quasi-production  in 
experimental  development  of  primers  where  substantial  numbers  of  a 
given  item  are  required  for  statistical  studies. 

Jones  machine.  During  World  W ar  II,  a detonator  loading 
machine  developed  by  the  R.  A.  Jones  Company  of  Covington, 
Kentucky  wee  used  for  the  production  of  various  explosive  com- 
ponents such  as  detonators,  stab  primers,  and  encased  leads.  The 
machine  is  • semiautomatic  in  operation,  the  number  of  operating 
personnel  varying  in  accordance  with  the  item  under  production. 
The  following  example  of  its  production  capacity  is  cited.  When 
used  for  loading  the  detonator  Mk  33,  this  machine  gave  a daily 
output  of  10,000  detonators,  with  five  operators  and  one  runner. 
An  average  of  three  percent  of  the  output  was  unsatisfactory.  By 
the  use  of  hand-lc-ading  techniques,  30  operators  ana  I runner  could 
produce  3,000  detonators  Mk  33  daily.  In  this  instance,  the  Jones 
machine  showed  an  advantage  of  about  16  to  1 from  the  standpoint 
of  detonate*  s produced  per  man-hour.  The  consensus  is  that  for  a 
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Figure  1 0-21.  Sequence  of  Operations,  Semi-Automatic  Detonator  Loading 

Machine. 


loading  of  leads.  The  production. loading  of  leads  is  accomplished 
by  many  techniques  and  depends  to  some  extent  on  the  design  of  the 
particular  lead  being  loaded.  Hand  loading  of  loose  powder  or  the 
reconsolidation  of  preformed  pellets  is  epnducted_with  tools  similar  in 
design  to  those  previously  described.  Frequently  tbs  pellets  for  leads, 
as  well  as  boosters,  are  formed  on  automatic  pelleting  machines. 
Figure  10-22  shows  the  type  of  automatic  pelleting  machine  used  by 
the  Navy  for  forming  fcetryl  pellets.  These  pelleting  machines  are 
manufactured  in  a wide  variety  of  sizes,  are  quite  versatile,  and  can  be 
used  for  the  rapid  production  of  various  sizer  of  pellets.  They  a a1 
entirely  automatic  in  operation.  As  already  noted,  cased  leads,  as 
well  as  detonators,  may  be  loaded  in  the  Jones  detonator  machine  just 
described. 
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V Loading  of  boosters.  Two  types  of  booster  design  are  used  in  fuzes. 
In  one  type,  the  booster  cavity  is  chared  by  the  pressing  of  loose 
tetryl  or  the4  reconsolidation  of •■preformed  tetryi : pellets.  In  the 
second  .tjfre,  tetryl  pellets  are  formed  so  as  to  make' a neat  fit  in  the 
booster  cavity  and  ara  secured  in  place  rather  than  mconsdidateu. 
Motion  of  pellets  which  are  nokreconsolida ted  is  prevented  by  placing 
padding  in  ifce$>ooster  cavity.-  Loading  tools  for  the  type  of  booster 
which  contaiiistthe  tetryl  pressed  into  place  are  the  same  as,  or  similar 
to,  thjpse  d^efibed  under  Loading  for  Experimental  Purposes  (page 
10^5).  TVTien  the  pelleting  press  is  t.sed  for  forming  the  tetryl  pellet, 
a loading  tool  is  not  required  for  the  type  of  booster  in  which  n tetryl 
pellet  is  secured  in  the  booster  cavity  without  reconsolidation. 

loading  of  black  powder  delay  elements.  Hand  tools  for  the 
production  loading  of  black  powder  delay  elements  are  similar  to,  or 
the  same  as,  those  for  experimental  loading. v -However,  the  prcpellct- 
mg  and  rdcensolidatioivof  black  powder  charges  in  delay  cavities  is 
practiced  and  found: to  be  advantageous. 

Loading  of  ga^^V^delay  elements.  Tools  for  the  production 
loading  of  gapless  dela^elements  are  similar  to,  or  the  same  as,  those 
for  experimental  loading.  Available  data  indicate  that'll  gapless 
|elay  elements  are  loaded  manually;  accordingly,  the  differences 
O^tween  experimental  and  pro'dhetion  tools  lie  in  the  durability  of  the 
materials  from  which  they  are  made  and  in  the  refinement  of  certain 
details. 

Methods  of  Segregating  the  Correct  Quantity  of  Materia i 

) ; ; I ' 

In  practically  all  experimental  loading,  the  quantity  of  charge  is 
measured  gravimctricaliy  on  a balance.  Where  charge  weights  do  not 
exceed  250  milligrams,  the  Roller-Smith  balance,  shown  in  figure 
10-23,  has  been  found  to  be  a very  convenient  instrument.  For 
larger  charges,  a pulp  balance  is  convenient. 

In  production  loading  both  gravimetric  and  volumetric  methods  are 
used  for  the  segregation  of  the  proper  quantity  of  charge.  For.  the 
gravimetric  segregation  of  small  quantities,  the  Roller -Snu  th, bai ar.ee, 
just  mentioned,  is  the  most  convenient.  In  the  production  loading  of 
small  quantities  of  dry  materials,  volumetric  methods  are  usually 
employed.  A convenient  and  frequently  practiced  method  is  to  use  n 
scoop  having  a capacity  equal  ’to  the  volume,  required  to  give  the 
correct  weight.  The  explosive  being  measured  is  scooped  to  over- 
flowing from  a container  of  the  material,  and  the  surplus  rejected  by 
draw  ing  the  scoop  under  a stretched  band  of  rubber  or  similar  material. 
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As  previously  noted,  quantity  segregation  in  ^ the  marge-place 
method  of  loading  primers  involves  fcllmg  holes  o*  toe  ee .-^v,  ^ 
in  the  charge  plate.  A wet  mixture  is  usually  used  wun  uus 
of  loading.  The  mixture  is  rubbed  into  plane  "hi-  a d* 

rubbing  tool.  Considerable  experience  is  necessary  for  i-hc  op  - > « ^ 

learn  the  proper  rubbing  action  ami  pressure  m ^ t-m  c 

amount  of  explosive  in  the  holes  and  to  gjve  union iUv  °£  qi— 
ail  the  holes  in  the  salute. 
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Volumetric  segregation  is  also  provided  on  the  automatic  pelleting 
machine.  Here  the  volume  is  controlled^  the  depth  of  cavity  for 
the  material  being  pelleted,  since  the  feed  cup  «' way*  sweep*  the 
charge  flush  with  the  surface  at  the  top  of  the  cavity. 


Section  3. — References 


(1)  MIL-STD-10,  Surface  Roughness,  Wariness,  and  Lay.  Muni- 
tions Board  Standards  Agency,  National  Military  Establishment, 
August  2,  1949.  _ 
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(Definitions  m jsfkiu  witn  an  asterisk  have  been  approved  b”  the 
JAN-Tiac  Committee.  The  Committee’s  definitions  are  indicated 
by  quotation  marks.) 

Booster  Charge*- —“The  final  high  explosive  component  of  fen  ex- 
plosive train  which  amplifies  the  detonation  from  the  lead  or  detonator 
so  as  io  reliably  detonate  the  main  high  explosive  charge  of  tbs 
munition.”  Also  used  loosely  to  indicate  a reinforcing  or  augmenting- 


Boro  Premature— The  explosion  of  a gun-launched  projectile  in 

the  barrel. 

Briaanee — The  capacity  of  an  explosive  to  shatter  an*  cenfmmg 

medium. 

Brisact — Sudden,  sharp,  violent,  A descriptive  term  which  when 
applied  to  explosions  indicates  a powerful  impulse  of  -nor.  Jui:ation. 

Creep— A term  used  to  designate  the  forward  move  x^i  ,df  com- 
ponent with  respect  to  the  projectile  that  tends  to  take  place  in 
flight  as  a result  of  the  force  caused  by  deceleration  due  to  air 
resistance. 

Bead  Fretted— In  an  explosive,  a highly  compressed  condition 
which  tends  to  prevent  the  transition  from  deflagration  to  detonation 
that  would  otherwise  take  place. 

Deflagration — A burning  in  which  the  velocity  of  the  advance  of 
the  flame  front  is  leas  than  the  Velocity  of  sound  in  the  puicriai.  In 
this  case,  heat  is  transferred  front  the  rose  tod  to  the  unreacted  iu&- 
tonal  by  conduction  and  convection. 

Delay* — ".Vrt  explosive  train  component  which  introduces  a con- 
trolled time  delay  ir-  the  functioning  of  the  tram.” 

Belay  Element — An  explosive  train  component  normally  consisting 
of  a primer,  a delay  column,  and  a relay  detonator  or  transfer  charge 
assembled  in  that  order  in  a single  housing. 

Detonation — A chemical  reaction  in  which  th*’  reaction  nont 
advances  with  a speed  which  exceeds  the  velocity  of  sound  m tiie 
material.  In  this  case,  energy  is  transmitted  from  the  reacted  to  t e 

on  reacted  material  by  a shock  wave. 

Detonation,  low  Order— A chemical  reaction  in  a aetonatable 
material  in  which  the  reaction  front  advance  with  a velocity  which  is 
appreciably  lower  than  that  which  is  the  characteristic'  c e ona  ion 

velocity  for  the  material  in  question.  . . , . , 

Detonator*— “An  explosive  train  component,  waich  can  >o  ac  i\ 
by  either  a non-explosive  impulse  or  the  action  o a pumei 
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capable  of  reliably  initiating  high  order  detonation  in  a subsequent 
high  explosive  component  of  the  train.  When  activated  by  a non- 
explosive impulse,  a detonator  includes  the  function  of  a primer 
In  general,  detonators  are  classified  in  accordance  with  the  method 
of  initiation;  such  as  percussion,  stab,  electric,  friction,  flash , chemical 
etc.”  ‘ ’ 

Dnd  An  explosive  loaded  item  that  fails  to  explode  when  subjected 
to  treatment  that  should  cause  it  to  function. 

Dwell— In  press  loading  powders  into  cavities,  the  interval  of  time 
that  the  powder  is  held  at  the  full  loading  pressure. 

Exploder — An  alternative  term  for  a fuze,  usually  used  in  connec- 
tion with  torpedoes. 

Explosive  Train*— “An  arrangement  of  a series  of  combustible  and 
explosive  elements  consisting  of  a primer,  a detonator,  a delay,  a 
relay,  & lead  and  booster  charge  one  or  more  of  which  may  be  either 
omitted  or  combined.  The  function  of  the  explosive  train  is  to 
accomplish  the  controlled  augmentation  of  a relatively  small  impulse 

mto  one  of  sufficient  energy  to  cause  the  main  chnrtn*  of  the  munition 
to  function.”  ” 11 

Filler— The  explosive  material  which  comprises  the  main  charge  in 
an  explosive  loaded  ordnance  item. 

Hash -Refers  to  the  method  of  initiating  an  explosive  loaded  ele- 
ment by  heat  or  flame  from  another  element. 

Flask  Charge-A  readily  ignitable  explosive  charge  used  in  ignition 
elements  of  eiectnc  primers  and  detonators.  Its  function  is  usually 

^ange  01  icsser  8er,sitivity  and  greater  brisance. 
for  Ube  °r1cord  fil[ed  or  impregnated  with  combustible  matter 

ior  ignumg  an  explosive  charge  after  a predetermined  interval. 

l a a j Ci6V1CC  deS,gned  to  achiove  functioning  of  an  explosive 
loaded  ordnance  item  at  the  desired  time. 

Fuze  Explosive  Train*— Sec  Explosive  Train  * 
•cc^l^foer"7A.dcvic®  used  to  Wte  gun  propellant.  It  usually 

WnlniSTS  in  on  inmitior.  /.!-*.  ^ * • ; * _ _ y ■ 1 


. . , xii  usually 

an  1 £ ? Ai»n  ™etumi’  a bia°k  powder  booster  charge,  and 

* extender  tube  fiUeci  with  black  powder.  In  smaller  enters 

may  resemble  a fuze  primer.  

fuSnmetiC~Made  impervious  to  air  and  other  fluids  as  bv  metal 

ti^o  W°meS  Metast-able  materials  that  are  relatively  insensi- 

tlon  leW \^T-%aai  Whm  W*  !»»<»*«!  have  detona- 

are  Tetryl  and  TNT.  *b°"‘  4000  mctws-  Pur  80Cnn<!-  Examples 

High-order— When  pertaining  to  reaction  > .•  ,, 

fi'iiT  ..  1 h ‘eaoiioia  rales  as  m ueionauons 

aaa  aeu&grationK  dm  t ,.rm  “v,;„u  t ..  • ..  .... 

Urm  «*sh-uiaer-  indicates  the  highest  stable 
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rUo  of  advance  of  reaction  front  of  whioh  , 

, ...  ...  nt&veriai  is  capable  under 

the  prevailing  condition*. 

Impetus- - 1 he  work  that,  an  explosive  is  capable  of  oerfermino’ 
usiuiUy  fjt'oted  ss  ft.  ! 1).  per  in.  of  explosive. 

Inpat  Chnracteri.tM.~Thc  characteristics  of  an  explosive  com- 
ponent which  determine  its  sensitivity  to  initiation  by  externally 
applied  energy. 

Interrupter  - A fuze  or  exploder  romponent  that  interrupts  tlje 
expiosiv  e train  when  ine  device  is  in  the  unarmed  condition,  and  that 
move*  during  arming  in  such  a way  as  to  render  the  explosive  train 
operative. 

Lead  ‘-"An  explosive  train  component  which  consists  of  a column 
of  high  explosive,  usually  small  m diameter,  used  to  transmit  detona- 
tion from  one  detonating  component  to  a succeeding  high  explosive 
component.  It  is  generally  used  to  transmit  the  detonation  from  a 
detonator  to  a liooster  charge." 

Load -In — All  explosive  lead  that  conducts  a detonating  impulse 
into  an  explosive  loaded  cavity. 

Lead-out-  An  explosive  lead  that  conducts  a detonating  impulse 
out  of  an  explosive  loaded  cavity. 

Lov-ordar — When  pertaining  to  chemical  reaction  rates  as  in 
detonations  and  deflagrations,  the  term  "low-order"  indicates  a slower 
rate  of  advance  of  reaction  front  than  the  material  :z  capable  of 
supporting. 

Hsitrcs  Effect — out  bhapen  Charge. 

Obturate — To  stop  or  close  an  opening  so  as  to  prevent  escape  of  gas. 
To  seal  as  in  delay  elements. 

Output  Characteristics — The  characteristics  of  an  oxp.osive  com- 
ponent which  determine  the  form  and  magnitude  of  the  energy  released 
when  the  component  functions. 

Percussion — Refers  to  the  method  of  initiating  an  explosive  loaded 
item  by  a sudden  pinching  or  crushing  of  the  explosive  material,  as 
between  a blunt  iiring  pin  r.no  an  aim:. 

Pressure  Dwell — See  L>wn. 

Primary  Explosives — Metastable  materials  that  are  very  sensitive 
to  initiation  bv  imoact  or  beat.  Examples  are  mercury  fulminate, 

lead  azide,  and  lead  styphnate.  . . 

Primer* — "A  relatively  smaii  and  sensitive  initial  explosive  train 
component  which  on  being  actuated  initiates  functioning  of  the 
explosive  train  and  will  not  reliably  initiate  nigh  explosive  cuaijes. 
In  general,  primers  are  classified  in  accordance  with  tbe^iiiccho^ 
initiation ; such  as,  percussion,  stab,  circuit,  uu huh,  MHi.uCfi, 
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Pyrotechnic  Composition— A mixture  of  materials  Consisting  essen- 
tially of  an  oxidizing  agent  (oxidant)  and  a reducing  agont  (fuel). 
It  is;capab!e  bf  reacting  if;  limited.  to  it«  igmtion  temperature. 

Relay*— “An  element  of  a fuze  explosive  train  which  augments  an 
outside  and  otherwise  inadequate  output  of  a prior  explosive  com- 
ponent so  as  to  reliably  initiate  a succeeding  train  component. 
Eelays,  in  general,  contain  a small  single  explosive  Charge  such  as 
lead  azide  and  are  not  usually  employed  to  initiate  high  explosive 
charges.” 

Rotor — See  Interrupter. 

Sensitivity — See  Input  Characteristics. 

setback— Movement  of  components  of  a missile,  relative  tc  the 
missile  as  a whole,  that  results  from  the  force  due  to  acceleration 
during  launching. 

Shaped  Charge— An  explosive  charge  shaped  to  make  possible  the 
concentration  of  the  explosive  force  in  the  desired  direction.  The 
result  is  called  the  Munroe  Effect, 

Shutter— Sec  Interrupter. 

Slider— See  Interrupter. 

Squib  A‘  small  electrically  actuated  initiator. 

Stab  Refers  to  a method  of  initiating  explosive  loaded  items  bv 
piercin^CpricMng)  with  a pointed  firing  pin  (needle). 

ShireiUance^-Stowage  or  storage  under  observed  conditions. 

Surveillance  Test  A study  of  useful  life  characteristics  under 
controlled  or  observed  storage  conditions. 
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A 

Air  gap*, 

detonation  transfer  across,  8—  i 3 to 
8-30 

H 

Bent  nail  U**t,  9-3  E 
Black  powder, 

compatibility,  facing  page  2-30 
Coiofnisltiona,  2~lfi 
functioning  characteristic*,  2-19,  2-21 
granulation,  2-19,  2-20 
ignltability,  2-21,  2-22 
product*  of  combustion,  2-18,  2-21 
surveillance  characteristic*.  2-29,2-30 
Black  powder  delay  element*.  5-2  to 
5-49 

baffle.  5-29,  5-30.  5-33 
burning  time.  5-2  to  5-18,  5-33  to 
5-49;  See  Burning  time,  black 
powder  delay* 
rompo:?.on?  naze, 
construction,  5-18  to  5-33 
delay  body,  5- IS  to  5-20 
design  factors.  5-18  to  5-49 
Bring  pin,  5-28,  5-29 
loading,  5-20,  5-21,  10-12,  10-24 
obturated  column  type,  5-2  to  5-13 
pellet  support,  ,5-23,  .5-36 
pressure  type.  5-13  to  5-dS 
primer,  5-27,  5-28 
nrimer  holder,  5-26,  5-27 
relay  detonators,  5-30,  5-31 
ring  type  5-13 

vented  column  type.  5-12,  5-13,5-21 
to  5-24 

venting  arrangements,  5-21  to  5-24 
Booster 

to  main  charge,  7-14  to  7-25 
Boosters,  7- i to  7-25;  See  also  Initia- 
tion of  loads  and  Iwosters 
assembly  method*.  7-2  to  7-5 
confinement-,  7-7,  7-24  - 

construction,  7-1  to  7-3 


Boosters — Continued 
density,  effect  of,  7-2,  7-3,  7-22,  8- 
25,  8— 2f» 

position  relative  to  main  charge, 
effect  of,  7-19,  7-21 
explosives  for,  2-1  to  2-15,  7-1,  7--10 
to  7— i4 

loading,  7-2,  7-4,  7-5,  10-24 
mounting,  7-7  to  7-9 
output,  7-14  to  7-25 
sensitivity,  2-14,  2-15,  7-9  to  7-14 
shape,  7-5  to  7-7,  7—13  to  7-24 
size,  7-21,  7-22 
Briiceton  test.,  9-29,  9-30 
Burning  times  of  black  powder  delays, 
effect  of  loading  pressure  dwell,  5-45, 
5 — 1 1 

effect  of  loading  pressure,  5-46,  5-47, 
5-49 

effect  of  moisture  content,  5-34  to 
5-38 

effect  of  primer  output,  3-19  to  3-22, 


5-38,  5-39 

effect  of  size  of  increment,  5-49 
effect  of  type  of  powder,  2-21,  5-38 
effect  of  temperature,  5-39  to  5-45 
C 


Compatibility,  2-30 
Copper  block  test,  4-7,  4-8,  9-31,  9-32 
D 


lay  column  disruptions,  5-29,  5-30, 
h-2 

lay  fuse,  2-21  to  2-23 

lav  nowder. 

^1C*S,  2-17  to  2-19,  5-49  to  5-54, 
5-60 

lipmstarrh,  5-59 

•ormal  lead  2,4-din  ihoresorcinate, 
° 23 

lormftl  lead  st.vphnate,  2-23,  5-59 
ircomum-barium  chromate,  o-t_0 
, - 1 tn  61*  sec  oho  HlaCK 

"Ltvrtrr  and  G»*»  delay  elements 
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Detonation, 

mechanism,  7-15  to  7 -20 
transfer  fragment  impact,  8-1  4,  8-1 5, 
; 8-33  to  a.  36 

velocity  of  h?<jh  explosives,  2-14,  2-15 
velocity  of  primary  explosives,  2-4  to 
2-8 

Detonator  input  tests,  9-2,  9-3 
Detonator  output  tests, 
copper  block,  4-7,  4-8,  9-31,  9-32 
Hopkinson  bar.  9-33  to  9-39 
lead  disk,  3-5,  3-9,  4-13,  4-14,  9-31, 

3- 32 

sand  bomb,  4-6,  4-7,  9-2,  9-3,  9-32, 
9-33 

Detonators,  4-1  to  4-22,  5-30,  5-31: 
see  also  Electric  detonators,  Flash 
detonators,  and  Stab  detonators 
explosive  charges,  4-2  to  4-4,  4-9, 

4- 10,  4-12,  4-13,  4-18,  4-17,  4-20, 
4-21 

E 

Electric  detonators,  4-14  to  4-22 
construction,  4-16  to  4-19 
examples,  4-17  to  4-19 
explosives  for,  4-16  to  4-19 
input  characteristics,  4-20 
input  tests,  9-7  to  9-12 
output  characteristics,  4-20,  4-22 
output  tests,  9-2,  9-31  to  9-33 
performance  characteristics,  4-14  to 
4-16 

Ejvvtiic  hrii«orr. 

bridge  wire  type,  3-25  to  3-27,  ,3-29 
to  3-49 

carbon  bridge  type,  3-27,  3-28,  3-50 
. ■ , to  3-52  . , . 

construction,  3-24  to  3-28 
examples,  3-25  to  3-28 
firing  circuits,  3-36  to  3-51 
input  characteristics,  3-29  to  3-51 
input  tests,  9-27,  9-28 
low  energy,  3-25  to  8-28 
output  characteristics,  3-51/  3-53 
output  tests,  3-2,  3-3,  9-49  to  9-52 
performance  characteristics,  3-22  td 
3—24  . . 

priming  mixtures,  2-10,  2-11,  3-24. 

;3“‘25,  4^3.  ;;vV'rV:. -‘v:, 

Electrostatic  sensitivity,  2-27  to  2-29 
Ensign  Bickford  fuse,  2-23 
Explosive  train  functioning,  1-2  to  1-6 


Explosives,  2-1  to  2-16,  2-23  to  2-32 

booster,  2-14,  2-15,  ?»,  7 -2.  7 -9  to 
**  « * 
f— It 

• • .booster • sensitivity,  2-14,  2 15.  7-10 
' 7-11  /,  ■ 

brisanee,  2-14,  2-15 
characteristics,  2-1  to  2-16,  2-23  to 
2-32 

chemical  formulas  and  composition, 
2-2,  2 13 

M.tn-  <>  " a i« 

«>v,v,  , * — It? 

compatibility,  2-30  and  table  opj>osite 
2 30 

density,  2-2,  2-13,  2-14,  2-23  to  2-26 
detonation  velocity,  2-4  to  2-8,  214, 
2-15 

effect  of  granulation  on  sensitivity, 
7-1 1 to  7-13 

effect  of  temperature  on  sensitivity, 
2-26  to  2-27,  7-14 
friction  sensitivity,  2-3,  2-  I 
impact  sensitivity,  2-3,  2-14,  2-15 
melting  point,  2-2,  2-13 
molecular  weight.  2 2,  2-13 
oxygen  balance,  2-2,  2 -3.  2-13 
power,  2-14,  2 -15 

sensitivity • to  electrostatic  discharge, 
2-  27  to  2-29 
solubility,  2-30  to  2-3 1 
stability,  2-29,  2-30 
storage  and  handling,  2-31,  2-32 
temperature  of  explosion,  2-26,  2-27 
thermal  data,  2-3,  2-4,  2- 14,  2-15 
F 

Firecracker  Fuse,  2-22,  2-23 
Firing  pin,  .3-3  to  3-7,  3-14  to  3-18, 
5-28,5-29,9-21 

percussion  primer, .3-14  to  3~iS,  5-2S, 
5-29 

stab  type,  3-3  to  3-7,  9-2! 
velocity,  3-7,  3- 10  to  3-18,  9-21 
Flame  temperatures  of  black  powder, 
9-21 

Flash  detonators,  4-1  to  4-8 
construction,  4-2 
examples,  4-2  to  4-4 
input  characteristics,  4-3,  4 -5,  4-6 
input  tests,  9-2,  9-12  to  9-19 
output  characteristics,  4-G  to  4rS 
output  tests,  9-3,  9-33  to  9-42 
sensitive  explosives  (primary).  4-2 
i-  to  4-6 
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Friwik/ord  rjsdowa  U&t,  930 
Fuw,  Wad*  powder,  2-2?  to  2-23 

0 

Gap  tmt*  (output)*  ff-33,  9-39,  9- JO 

0»p"j 

booster  So  main  charge,  7-24,  7-25 
Ga*  volumte  and  Impulne  test,  3-9, 
3-10  to  3-21,  9-3,  9-42  to  9-1* 
Gasless  delay  element*,  5-49  to  5-53 
design,  5-54  lo  5-58 
non-obturated,  5-53,  5-54 
obturated,  5-50  to  5- 52 
Garic**  delay?,  2 -10,  2-17  fo  2 1 9.  5-49 
to  5-54,  5-60 

Gitelmw  igniter*,  2-16,  2-17,  5-54  to  5-  57 
H 

High  explosives, 

initiation.  7-15  to  7-25,  S-!5  to  8 -36 
Hopkinsori  liar  test,  9-33  to  9-39 

1 

Ignition  temperature, 
black  powder,  2-19 
Imperii*, 

blaek  powder,  2-19 

Initiation  of  delay?,  5-21  to  5-23,  9! 
to  8-3. 

tost  procedures,  R~2,  S -3 
Ini' t«i  ion  of  flash  detonators,  3-3  to 
S~ii 

effect  of  confinement,  5-22,  8-7,  8-9, 
910 

example!*,  8-3  t»  8-6  I 

spatial  arrangement*,  8-7,  8-S 
test  procedures,  8-9,  8-1  i 
Initiation  of  leads  and  boosters,  8-11  to 
8-36 

air  gaps,  8-13  to  8-  30,  8-33  to  8-3 6 
barrier  effect*.  8-32.  8-33 
confinement  effect*,  8-27  to  8-30 
density  effects,  7-!  1.  8-12,  8-2!.  8-23, 
8-25,  8~2G 

diameter  effect*,  8-16  to  8-19  5 
length  effects,  8-17,  8-19  to  8-  24 
particle  nho  effect*,  8-26,  8-27 
phenomena  involved,  8-11  to  8-13  | 

shaped  charge  effects,  8-33  to  8-33  | 
transverse  displacement  effect*.  §-36j 
to  S 32  | 
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| » npnt  requirements, 

• percussion  primer,  3-14  to  3-IQ 
siai>  primers,  3-3  to  3-8 

Input  tests,  9-2  to  9-30 
for  electric  detonators,  0-7  lo  9- *2 
for  electric  primers,  9-2,  9-27,  9-28 
for  flash  detonators,  9-3,  9-1-2  to  9~] « 
Piezo- Klectric  Impulse  Gauge,  9-27 
stab  detonator,  9-2  to  9-7 
“tab  primer,  5-2,  9-3,  9-5,  9-17,  9-20 
9-21 

Test  Set  Mk  ’35,  9-2,  921  to  9-23 
Test  Set  Mk  136,  9-2,  9-4  to  96,  9-1 7 ' 
Tost  Set  Mk  152,  9-2,  9-28 
Teat  Set  Mk  173,  9-2,  97,  9-23  to 
9 27 

Test  Set  Mk  174,  93,  915  to  917, 
9x8,  919 

Insensitive  explosive  test  (output),  9-33, 
9-39 

Integral  delay  primers  and  detonators, 
5-59,  5-60 

Interaction  of  explosive  train  compo- 
nent*, 8-1  to  8-37 


beads,  sc?  a'so  Initiation  of  icads  and 
boosters,  6-1  to  911 
construction,  92  to  99 
control  of  dusting,  94 
cup  type,  95,  96 
example,  91,  92,  95  to  97,  910 
loading  techniques,  98,  99,  1922 
non-cup  types,  6-7,  6-8 
purpose,  92 
size  and  shape.  93,  6-4 
*/>?«»*•«* njt  p**rLs,  G“9f  — 1 1 

Loading,  KM  to  1926 
boosteV?,  7-2,  7-  4,  7-5,  10-24 
consolidating  the  charge,  191,  10-2 
design  factors  affecting  leading  opera- 
tion, 10-1  to  10-3 

design  of  tools  and  equipment,  I9o 
to  10-20 

Jones  machine,  JO-  20  to  1 0-2~ 
pc-llctliig  machine*.  10-22  to  192u 
sci  ur’iur  the  charge,  191  to  193 
segregating  the  charge,  191,  ’924  to 

1(926 

tgnffiug  density  of  explosives,  2-23  to 


1-3 
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Loading  pressure. 


i rercaWioe  'ptimen*-^-  Continued 


effect  on  input  requirements  of  { 
URtors,  4-10  to  4-4.2 
effect  on  input  requirements  of  prim 
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